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I. INTRODUCTION 
Throughout the history of nuclear physics, scientists have been 
striving to understand the strong force and the structure of the nucleus 
in some comprehensive way. Though no one theory has yet been devised 
which would completely describe all of nuclear structure, the shell model 
has provided the basic structure for understanding a large number of 
nuclei. The shell model is most successful in describing the structure of 
low-lying levels in nuclei in terms of the coupling of nucléon particles 
outside a closed core and/or of nucléon holes inside of a closed core. 
These closed cores are given by the empirically known 'magic numbers' 2, 
8, 20, 28, 50, 82, and 126. The best agreement between theory and 
experiment for non-deformed nuclei has long been in the regions near these 
'magic numbers'. However, problems arise when the theory is applied to 
regions away from the closed shells. It has been the endeavor of nuclear 
theorists and experimentalists to extend the calculations to new regions 
and improve our knowledge of nuclear structure. In recent times, this 
study of nuclear structure has moved from the area of nuclei near g 
stability to nuclei far from g stability.1'% 
As experimental studies have moved farther from p stability, a 
question has arisen as to whether the features of nuclear structure seen 
in regions near g stability can be extended to regions far from g 
stability.! One of these questions deals with the validity of the 'magic 
numbers' far from p stability. Specifically, do the closed shells 
predicted by the 'magic numbers' actually exist in these new regions? The 
answer to this question requires a close cooperation between theorists and 
experimentalists in developing an understanding of the features of the 
structure of nuclei which can be observed in modern experiments. 
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Studies of shell structure far from stability have already been 
carried out in the region of the 'doubly magic' nucleus l^^Sn. ('Doubly 
magic' indicates that the nucleus contains a magic number of both neutrons 
and protons.) These studies included analysis of nuclei nearer stability 
for which experimental information was already known,3'4,5,6 extension of 
the various models to the nuclei further from stability as new 
experimental information became available,7;8*9;10;11»12 and application 
of the models to predict specific nuclear properties.For these 
studies, the structure of the N=82 isotones was examined to determine if 
they could be modeled as the coupling of protons In shells lying outside 
the closed core of fifty protons and eighty-two neutrons. Experimentally, 
this required extending the current knowledge of the N=82 isotones further 
from stability than had previously been known. These experiments were 
made possible in a large part by the development of on-line isotope 
separation techniques which allowed the study of short-lived fission 
products.14 These studies indicated that the configuration of fifty 
protons and eighty-two neutrons constituted a tightly bound closed core. 
Therefore, the first studies showed that the shell model is a valid 
description of nuclear structure far from g stability in the regions near 
the closed core nucleus l^^Sn. 
However, further studies of other regions near closed shells are 
needed to determine whether the 'magic numbers' found near stability are 
valid far from g stability. In order to simplify the theoretical 
calculations it is best to consider the regions near the 'doubly magic' 
core nuclei. For the regions off g stability there are three predicted 
'doubly magic' nuclei: ^®Ni, l^^Sn, and 132$%. Excited states of nuclei 
in these regions cannot be studied in few-particle transfer reactions or 
3 
heavy ion collisions, therefore it is more difficult to determine their 
structure. Of the two regions not yet studied, the region near ^®Ni is 
accessible by the production of neutron-rich fission fragments. To 
determine if this is truly a good closed core nucleus requires knowledge 
of the structure of nuclei with Z~28 and N~50. Of these nuclei, only 
those with Z>28 are accessible experimentally. Theoretically, it Is 
possible to consider protons and neutrons simultaneously, but to simplify 
the calculations and test the validity of a ^®Ni closed core it is best to 
consider only protons or neutrons near the core. Hence, in practice the 
study needs to be limited to the N=50 isotones. Furthermore, only those 
nuclei with Z<38 will be studied because of the need to limit the number 
of nucléons outside the core. 
The characterization of a good closed core 'doubly magic' nucleus is 
given by three basic factors. First, excited states within the closed 
core nucleus will occur only at very high energies. Second, the excited 
states of a nucleus with the closed core plus one nucléon will correspond 
approximately to the single-particle energy states within the shell, 
referred to as the valence shell. Third, all energy levels for nuclei 
with more than one nucléon within the valence shell can be produced by the 
coupling of these nucléons in states only within the valence shell. There 
will be no observed mixing with states within the closed core, either by 
neutrons or protons, except at very high excitation energy. Should these 
characteristics be observed in the N=50 isotones, then the assumption of a 
good closed core would be valid. 
Since actual measurements of excited states in ^%i, the single-proton 
nucleus ^^Cu, or the two-proton nucleus BOgn are not possible 
experimentally at the present time, only nuclei with more than three 
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protons outside the closed core at ^®Ni will be considered. The present 
study was performed to experimentally determine the structure of the N=50 
isotones ®^Ge and ^^As and make theoretical calculations similar to those 
performed by Wildenthal for the N=82 isotones^'to determine if the 
assumption of a closed core at ^®Ni is valid. These nuclei correspond to 
four and five protons outside the closed core. They were chosen because 
they are the lowest-Z nuclei of the N=50 isotones currently available by 
experimental means. Level information is available on the higher-Z N=50 
isotones ®^Se to ^^Rh. Some of this information will be used in the 
theoretical calculation, but it is necessary to obtain information on 
those nuclei closer to the core nucleus to provide a less ambiguous test 
of the closed core assumption. In the future it is hoped to do a study of 
the excited states of the three-proton nucleus ®^Ga. Prior to this study, 
Hoff and Fogelberg^^ had established a partial level scheme for with 
some proposed spin assignments. However, a more detailed experiment to 
further develop the level scheme and an angular correlation measurement to 
establish the spin assignments was necessary. For the case of B^As, no 
level information was available. However, a half-life measurement of the 
parent nucleus ®^Ge using the "milking" method has been reported.This 
information is consistent with the observed half-life of This 
dissertation reports on a detailed study of the structure of the N=50 
isotones ^^Ge and ®^As using both experimental and theoretical techniques. 
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II. EXPERIMENTAL METHODS 
A. TRISTAN Facility 
The experimental study of the structure of the N=50 isotones and 
Q^As requires the production of the g-decay parent nuclei ^^Ga and B^Ge 
respectively. These nuclei were produced as fission fragments at the 
isotope separator TRISTAN on-line to the High Flux Beam Reactor of 
Brookhaven National Laboratory. A detailed description of this system can 
be found elsewhere.1? A schematic diagram of the present configuration of 
the TRISTAN facility is shown in Figure 1. The experimental work for this 
study was performed at the y-ray spectroscopy moving tape collector as 
shown in the diagram. 
The production of the fission fragments occurred in a High-Temperature 
Plasma Ion Source placed in the neutron beam of the reactor.18 This ion 
source was used due to its higher yield of Ga and Ge beams compared to the 
other ion sources available. However, the use of this source rules out 
the direct determination of the ground-state g feeding since all members 
of the decay chain were produced and were present in the beam. The ion 
source consists of a target of 5 grams of 235u impregnated on a graphite 
cloth which is placed in a neutron beam of 3 x n^h/cm^/sec. The 
source is operated at a temperature of 2500°C to facilitate the diffusion 
of the fission fragments out of the source. These fission fragments were 
then ionized and accelerated out of the source, focused into a beam, and 
mass separated using a 90° sector magnet. The mass-separated beam was 
deposited on an aluminized mylar tape at the parent port of the moving 
tape collector (MTC). 
The deposited beam of radioactive fission fragments was then studied 
at the parent port using the detector systems described below. Data 
DELAYED NEUTRON 
y-HAY SPECTROSCOPY 
SPECTROSCOPY 
SI IL» 
DETECTOR 
DYE LASER 
FACILITY 
SUPERCONDUCTING 
MAGNET 
ION SOURCE 
TRISTAN 
Schematic diagram of the on-line isotope separator 
TRISTAN in its present configuration 
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acquisition was performed on a PDF 11/45 computer system and the 
information was stored on tape for later analysis at Ames. 
B. Experimental Setup 
Two experimental setups were used in obtaining data on the two nuclei 
studied. In both cases, a primary experiment involving two-detector y 
singles, Y-Y coincidence, and y multlspectra scaling (CMS) measurements 
was performed for the purpose of determining a half-life and decay schemes 
for the nuclei. In addition, for the case of ^^Ga decay, a second 
experiment to measure YY(0) angular correlations was performed for the 
purpose of establishing the spins and parities (J^) of some of the levels. 
For all experiments, the y rays emitted by the source were detected by a 
combination of Ge(Li) and/or HpGe detectors. 
The primary experimental setup used is shown as a schematic block 
diagram in Figure 2. This system was used primarily for the establishment 
of a level scheme for a daughter nucleus, but also allowed the 
determination of the half-life of the parent nucleus. The y singles 
channel was rather conventional and will not be discussed. The GMS 
channel will be described in generalized terms since the actual parameters 
used differed for various experiments. The Y-Y coincidence channel will 
be described in more detail because of its complexity. 
The Y singles and GMS channels were operated with a g gate to decrease 
the amount of background radiation observed In the spectra. The |3 gate 
signal was derived from a plastic scintillator located immediately behind 
the deposited source. The coincident signal was used to gate the ADC 
(analog-to-digital converter) inputs. The signal from the scintillator-
photomultiplier combination was first sent through a preamplifier-
amplifier and next into a specially modified gate and delay generator.with 
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a gate width of 2 to 20 ysec. In normal operation, the gate width would 
be about 16 ysec. Therefore, whenever a (3 particle was detected in the 
scintillator, the gate would be opened and data received from the ADCs. 
The acceptance solid angle of the P detector was approximately it 
steradians. Although this gate reduced the singles count rate by more 
than 50%, the decrease in the background radiation made the identification 
of weak y rays much easier. This method of gating the singles channels 
was necessary due to the low count rates obtained at these masses. 
The GMS channel was used to obtain time-sequential spectra during the 
cycle of the MTC. The MTC cycle consisted first of a period of beam 
deposit onto the tape, followed by deflection of the beam to allow 
measurement of the half-life of the deposited activity. Finally the tape 
was moved to a new position and the cycle repeated. The GMS channel was 
controlled by signals from the MTC daughter analysis system (DAS) and the 
computer time clock. A signal (ACC) from the MTC DAS instructs the 
computer to begin accepting data which is channeled into as many as 
thirty-two time-sequential spectra. The computer allows the setting of 
the time width and number of spectra to any desired value which can be fit 
into the MTC cycle. This sequence was termed the GMS cycle of the 
experiment and was identical to the MTC cycle for all of the experiments 
performed. The procedure used was an improvement over the original one 
used for the ^^Ge decay experiment where the GMS cycle was restricted to 
sixteen time bins. The use of the GMS channel allows determination of the 
half-life by observing the growth and decay of the pertinent activity over 
a period involving both beam deposit and deflection. Additionally, the 
10 
GMS spectra were used to study the time behavior of the y rays in order to 
determine to which member of a decay chain they belong. 
The Y-Y coincidence setup consisted of two detectors at 180°. The 
detectors were placed close to the source (~2cm) to minimize angular 
correlation effects and to maximize the coincidence rate. The energy 
signals from the two detectors were channeled into the ADCs GGEl and GGE2 
in the normal way. The fast timing signals from the detectors were used 
to gate the ADCs using the electronics shown in Figure 2. These gate 
signals were created by channeling the timing signal through a fast filter 
amplifier (FA), constant fraction discriminator (CFD), and a gate and 
delay generator (GDG) to give starting and stopping signals for a time-to-
pulse height converter (TPHC) which acts to gate a priority box, the 'Blue 
Box'. The GDGs were set so that detector 1 signals always arrived before 
detector 2 signals. The 'Blue Box' was used to create a timing (TAC) 
spectrum which gives the time between the two y-ray pulses from the 
detectors. It also created the final signal which was used for gating the 
ADCs. The ADCs were then interfaced with the computer for storage of the 
coincidence information. 
The coincidence system operated by identifying pairs of y rays which 
occur simultaneously in time (within the TAC width). If a coincidence 
event occurred, the TAC spectra mark was determined and the event was 
stored in the buffer memory of the computer. An address triplet 
representing the two y-ray energies and their time separation was then 
transferred onto magnetic tape or magnetic disk for later sorting, as will 
be described later. In addition, composite energy spectra for each 
detector and a TAC spectrum were created for use in the analysis. 
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Both the Y singles and QMS spectra were accumulated on the computer as 
digitized spectra of 8192 channels. These spectra were accumulated 
throughout the experiment and then stored on magnetic tape for later 
analysis. A number of different spectra were obtained using various MTC 
cycles, including an equilibrium spectrum. This was done to change the 
enhancement of the various members of the decay chain present in the 
spectra. The main portion of the experiment Involved the enhancement of 
the decay chain member of interest to obtain a spectrum which could be 
used for the determination of y-ray energies and intensities to a 
reasonable accuracy. Another important part of the experiment involved 
setting the MTC cycle so that a determination of the half-life could be 
made. This step involved allowing the deposited beam to decay over 
several half-lives of the nucleus of interest. Since this time was 
generally longer than desired for the previous step, it was performed as a 
separate part of the experiment. 
Finally, an energy and efficiency calibration was made. Both of these 
calibrations employed a National Bureau of Standards calibrated reference 
source #4275 containing 125mipg^ l^^Eu, and ^^^Eu. For the energy 
calibration the source was placed a short distance from the detector. The 
distance was set so that the count rates for the calibrated source and the 
deposited beam were approximately the same. This was necessary to avoid 
gainshifts due to unequal count rates. In this way, a mixed spectrum 
containing the calibration lines and the major lines from the decay chain 
was obtained. The detector efficiency calibration was made by placing the 
calibration source at the point of the beam deposit. This allowed the 
detectors to 'see' the source with the same geometry as the deposited beam 
12 
and allowed a correct determination of the relative efficiency of the 
detectors to be made. 
The angular correlation setup was similar to the system described by 
Wolf et al.19 except that the measurements were made at the parent port 
using a newly designed attachment to the MTC. A schematic block diagram 
of the experimental setup is given in Figure 3 with a schematic diagram of 
the detector arrangement shown in Figure 4. The data acquisition occurs 
as described above for the two detector system except that there are six 
TAC spectra, one for each detector pair. In addition, a multiplexed 
spectrum for the determination of relative efficiencies was accumulated. 
This spectrum contained four individual singles spectra of 2048 channels, 
one for each detector. These spectra were gated so that only events 
accepted by the coincidence circuit were recorded. This spectrum was used 
to correct for the different coincidence efficiencies of the four 
detectors. However, due to the low counting rates, it was not necessary 
to measure and correct for system dead times. 
This new system for measuring angular correlations at the parent port 
will allow the study of many nuclei with half-lives too short for 
transport to the daughter port. However, difficulties arose in the tuning 
of the beam onto the aluminized mylar tape because it was impossible to 
place an efficient detector directly behind the desired point of deposit 
and not affect the angular correlation. Instead, a surface barrier 
detector small enough to be placed behind the beam deposit point was 
installed. This detector was placed on the end of a rod to allow it to be 
pulled out of the chamber when data was being taken. Also, a large lead 
collimator was placed in the beam line just in front of the chamber to 
insure that all the beam that passed through the collimator would be 
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deposited on the tape. This was necessary so that the beam would not miss 
the tape and strike the back of the chamber, thereby giving false results 
for the angular correlation. 
This section contains only the general methods used in the performance 
of the experiments. The specific information needed for the analysis of 
the experimental data will be presented in Section IV. 
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III. METHODS OF DATA ANALYSIS 
Analysis of the experimental data obtained at TRISTAN was performed in 
Ames using a number of programs on the Ames Laboratory VAX 11/780 computer 
system. A description of the programs and the various methods and 
considerations used in the analysis is presented in this section. 
Although the material is presented in somewhat of a chronological order, 
the actual analysis proceeded using all of the various methods 
simultaneously as different bits of information became known. 
A. Half-life 
The determination of the half-life of the parent nucleus was performed 
using the time-sequential QMS spectra to observe the behavior of the most 
prominent y ray in each decay as a function of time. Only the decay 
portion of the time cycle was used in determining the half-life because of 
an inability of the system to make a clean transition from beam deposit to 
beam deflection. This leads to a noticeable error in the half-life when 
both growth and decay are considered. The GMS spectra were analyzed using 
the program MASTER^® to fit the y-ray peak to a skewed-gaussian shape. 
This provided the area of the y-ray peak as a function of time. No 
corrections for dead time were necessary because of the low count rates 
present in the experiments. This null correction was also supported by 
analysis of the decay of other members of the decay chain. These time-
sequential areas were then input into the program MASH which performed a 
least-squares fit to an exponential decay. The program can accommodate a 
number of three-member decay chains and/or single-component decays where 
each component can have a different half-life. For both decays studied, 
the particular y ray used was free of contamination and was considered to 
be generated by the decay of the parent member of the decay chain. The 
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fitting was thus greatly simplified and a much more reliable result 
obtained. 
B. y-ray Identification 
A necessary part of the analysis of the spectrum was the determination 
of the correct parent nucleus for each observed y ray. For the longer-
lived nuclei, an extensive amount of information is available in the 
Nuclear Data Sheets. The assignment of unidentified y rays observed in 
the spectrum was primarily made by the use of the QMS spectra. Since the 
experiment was performed to enhance the isotope of interest, it was hoped 
that most of the weaker lines in the spectrum were due to this decay. 
Evidence to support this assumption came from observing the time behavior 
of the spectral lines during the GMS cycle. Since the peaks of interest 
are often very weak, a number of GMS spectra were added together in some 
judicious way so that it would be easy to distinguish between the decay of 
interest and other members of the decay chain. Typically, two groups of 
spectra were added together and analyzed to determine peak areas using the 
program MASTER. Then by comparing the ratio of peak areas between these 
two groups, the unidentified y rays could be assigned to a specific decay. 
A typical ratio would have a difference of at least a factor of three 
between the decay of Interest and the next member of the decay chain. 
This method was found to be quite useful even for the analysis of 
extremely weak peaks. 
C. Y Energies and Intensities 
The determination of y-ray energies and intensities in the two decays 
was performed using the program MASTER in conjunction with the program 
GAMMATABLE. The process included the establishment of accurate energy and 
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detector calibrations, fitting of the y-ray peak areas, and final 
determination of the y-ray energies and intensities. 
An accurate energy calibration was established using the mixed 
calibration spectrum described previously. The program MASTER was used to 
obtain an accurate value for the channel number corresponding to the 
center of the y-ray peaks for the calibration lines and the most prominent 
lines in the decay chain. Knowing the exact energies for the calibration 
lines allowed the establishment of an energy non-linearity curve for the 
given spectrum. This non-linearity curve was then used to establish 
accurate energies for the prominent lines from the decay chain. These 
'secondary' calibration lines were then used to establish an energy non-
linearity curve for the spectrum in which accurate energies and 
intensities were determined. The non-linearity curve was then used to 
create a piece-wise linear energy calibration curve which was stored for 
later use by the programs MASTER and GAMMATABLE. 
The detector calibration file contains the relative efficiency curve 
as well as the approximate fit parameters for the skewed-gaussian fits of 
peak areas. The linear behavior of the fit parameters was established by 
obtaining good values for the prominent lines in the appropriate spectrum 
and fitting them to a straight line using a least-squares fit. The 
detector relative efficiency as a function of energy was established by an 
analysis of the relevant calibration spectrum. The areas of the peaks in 
the calibration spectrum were determined using MASTER. These were then 
related to the actual emission rates at the calibration date for the 
source using the program DETEFF. The output of this program is the 
efficiency of the detector as a function of energy. From this, a piece-
wise linear detector efficiency was determined and stored along with the 
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fit parameters for use by the programs MASTER and GAMMATABLE. In general, 
the detector efficiency is linear above 150 keV when plotted on a log-log 
graph. The slope was approximately -1 for detectors of the type used. 
Below 150 keV, the curve flattens out as the efficiency decreases to very 
low values for energies of only a few keV. 
Once the energy and detector calibration files were created, they were 
used as input for the program MASTER which was used to determine the peak 
centroids and areas of all the y rays. This information was stored in a 
large file which was used by the program GAMMATABLE. The Y-ray peaks were 
fit paying close attention to the presence of doublets and higher 
multiplets in the spectrum. It was important in fitting the spectrum that 
even small y rays be considered since they can have an effect on the area 
of the peaks of interest. 
Once the peak areas were known, the program GAMMATABLE was used to 
obtain the Y-ray energies and intensities. This program uses the 
information from the peak fits and the calibration files to calculate an 
energy and intensity for each y ray. The intensities obtained by this 
method were only approximately correct due to the possibility of 
coincident summing of y rays. This correction is large for situations 
involving a small source-to-detector distance. Coincidence summing has 
two effects on intensities - one which decreases the intensity, and one 
which increases the intensity. Coincidence summing occurs when two y rays 
strike the same detector within its resolving time causing it to perceive 
a signal with an energy equal to or less than the sum of the two y rays. 
The observed intensity for both of the two coincident y rays is thus 
decreased. This is known as 'summing out'. For the y ray with the energy 
equal to the sum of the energies of the two coincident y rays, the 
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observed Intensity Is Increased. This Is known as 'summing In'. This 
second effect makes It possible to observe a y ray when no true y ray 
exists. Observation of these 'sum peaks' Is a direct indication of the 
need to correct for coincidence summing. 
The correction for coincidence summing is a straightforward but 
tedious task. Coincidence summing is totally Independent of the counting 
rate and depends only on the efficiency of the detector and the decay 
scheme of the particular nucleus involved. Since detector efficiency 
decreases Inversely as the square of the distance between the source and 
the effective center of the detector, the coincidence summing effect will 
also fall off in approximately the same way. This smooth variation of the 
efficiency as a function of position allows the correction for coincident 
summing to be made even when the exact efficiency for the detector is not 
known. The summing corrections were made with the program SUMCOR which 
uses as input a file containing all the y-ray energies and uncorrected 
intensities, and their placement in the decay scheme, and two files which 
specify the approximate absolute photopeak and total detector 
efficiencies. The program analyzes each y ray and determines the 'summing 
in' and 'summing out' corrections due to all other y rays in the decay 
scheme. This is repeated in an iterative fashion until a convergence 
limit is reached. The resultant intensities can then be used for all 
further analysis. 
D. y-y Coincidence 
The analysis of the y-y coincidence data involved the use of a number 
of programs for sorting coincidence events and obtaining the coincidence 
spectra. The main procedure involved establishment of the y rays of 
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interest, setting of the sorting parameters, sorting of the y-Y events, 
and creation of coincidence spectra for analysis. 
From the analysis of the CMS data, a set of y rays of interest for 
each decay was obtained. Often this set of y rays included a number of 
the more prominent lines from the decay of other decay chain members. 
From this information, energy gates for the sorting of coincidence events 
were set using the program GATES. This program requires as input the y 
singles spectra associated with each detector as well as files for the 
energy calibration and shifting of the gates. The energy gates are 
defined by channel numbers which are used to search for coincidence events 
as will be described shortly. These gates were set in one detector and 
then 'shifted' to the other detectors so that gates with equivalent energy 
intervals for all detectors were obtained. In setting a gate on a Y-ray 
peak, another gate in the same region was set on an area of smooth 
background for the purpose of subtracting Compton background. In 
addition, a single time gate was set for each detector pair. 
Once the gates were set, the coincidence events stored on magnetic 
tape were sorted using the program SCANNO. The coincidence events were 
first checked to see if the event occurred within the time gate. If an 
event passes this test, the two energies given by channel numbers for the 
event were compared to the list of gate channel numbers for the 
appropriate detector. If a positive test was obtained, the event was 
stored in a large array according to gate number, detector number, and 
channel number for the nontested energy channel. After the sorting of 
events was completed, the large array was stored as a composite file on 
magnetic disk or tape. 
The composite file was divided into its component spectra files using 
the program TRNSFR. This program creates a set of spectra files by 
summing together all of the portions of the file containing events for a 
specific gate energy from both detectors. In doing this, the two spectra 
are shifted to have the same energy gain. These spectra files are then 
used by the program SUMDIF to create the final coincidence spectra. For 
each gate which was set two files are created. The first file is a 
spectrum containing the difference between the peak gate and the Compton 
gate coincidences. The second file contains the sum of this information. 
The program also allows the compression of the spectra from 8192 channels 
to 4096 channels to smooth out the effects of small fluctuations. 
The determination of true coincidences was made using the difference 
spectra with the sum spectra used when there was the possibility of 
incomplete subtraction of background events. The statistics for these 
spectra were often poor making it difficult to identify coincidences 
involving weak y rays. In the analysis it was necessary not to identify 
any backscatter coincidence events or simple statistical fluctuations as 
being true coincidences. The backscatter peaks could be identified by 
their bipolar nature, whereas any possible false coincidences due to 
statistical fluctuation could be avoided by accepting only those peaks 
which stood significantly above background. This analysis then provided a 
list of coincident y rays. 
E. Level Scheme Construction 
The construction of the level scheme for the decay of the two nuclei 
studied was made using y-ray energy, intensity, and coincidence 
information. In both cases, the most intense y ray proved to be the 
transition from the first-excited to the ground state. The other y rays 
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were then placed by using the coincidence information and energy sums to 
build up the level scheme. Searches were made for missing level scheme 
transitions by rechecking the singles spectrum and analyzing, those peaks 
which were found. Care had to be taken in establishing levels to avoid 
unnecessary double placement of y rays. Often the double placement would 
involve a cascade of two y rays which could precede in either order. 
However, a check of the intensities of the two y rays would usually 
indicate that one of the two combinations was not viable because it would 
lead to a negative (3 feeding of the level. The program LVLSURCH was often 
helpful during this process. The program searched for all possible levels 
which satisfied the energy sums and coincidence relations using as input a 
list of Y rays and their coincidence relations. Once the Y rays had been 
placed in the level scheme, the program LEAF was used to determine the 
best least squared values for the level energies. 
The assignment of spins and parities (J^) from experimental 
information was limited by the fact that actual logft values could not be 
determined since a value for the ground-state g feeding could not be 
measured. However, logft values could be estimated, as described later, 
by making certain assumptions. The logft values were calculated using the 
program LOGFT. When possible, the assignments were made using 
systematics. Additionally, some assignments were tentatively made by 
considering the strength of the y-ray transitions to levels with assigned 
values of The purpose of these assignments was for comparison with 
the theoretical calculations. All of these assignments will be discussed 
in detail in section IV. Additionally, the angular correlation for the 
decay of ^^Ga described in the next section was measured in order to limit 
the assignments for a number of levels in ^^Ge. 
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F. Angular Correlations 
The analysis of the angular correlation experiment on vas quite 
complex and will be described in detail in this section. The final 
results of the experiment will be presented in section IV. The analysis 
of the coincidence events for the angular correlation experiment proceeded 
in the same manner as for that of the y-r coincidences. The gates were 
set on the y rays in the cascades of Interest. The coincidence event 
tapes were then sorted using the program SCANANG. SCANANG differs from 
SCANNO in that it sorts the events by detector pair. For the four-
detector setup described earlier, there were a total of six detector 
pairs. However, the program recognizes twelve pairs because the detector 
in which the energy gate is satisfied will have coincidences in the other 
three detectors. Consequently, the pairs considered are 1-2, 2-1, 1-3, 3-
1, 1-4, 4-1, 2-3, 3-2, 2-4, 4-2, 3-4, 4-3 where the first number specifies 
the detector number of the spectrum seen in coincidence with an energy 
gate set on the detector given by the second number. Again, a large 
composite file was created which contained all of the sorted coincidence 
information. 
Information was taken out of the composite file using the program 
TRNSFRANG. This program extracts the individual files from the composite 
file and shifts them to have the same energy gain. The program was then 
directed to sum the files for a given gate and detector pair. The program 
SUMDIF was used to obtain the sum and difference files necessary for 
analysis. Hence, all information concerning the intensity of transitions 
in coincidence with the gated y ray for all the angles used was available. 
Once this information is available, it is necessary to understand how to 
Interpret the data. 
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The angular correlation effect^^ arises whenever two or more y rays 
occur in a cascade. The effect is given for a two member cascade by 
W(0) = 1 + A„„P,(cose) + ... + A. . P. (cose) (1) 
max max max 
where Pi^(cos0) is the Legendre polynomial of order k, are the 
coefficients which can be measured experimentally or calculated 
theoretically, and 
^max ~ Min(2J, 2L]^,2L2) 
where 
J = spin of the intermediate state, 
Lj = angular momentum of first y ray, and 
L2 = angular momentum of second y ray. 
The Ajç[^ are dependent upon the spins of the levels connected and the 
angular momentum carried off by each y ray. The formula used is 
\k - (2) 
for the case of two multipole components in each v-ray transitions. In 
this formula, Lj and Lj' give the two multipolarities involved in the 
transition, and Jj, J, and Jf are the spins of the initial, intermediate, 
and final levels involved in the cascade. The A]^ values are in turn 
determined by the formula 
F. (L.L.J.J)+25.(y)F. (L.L'J J) + 5^(Y)F. (L'L'J.J) 
A. (L.L'J.J) = ^ ^ ^ 1 k 1 1 1 1 kill (3) 
1 + 5j(Y) 
for the first transition, and similarly for the second transition. The 
values for Fj^ are determined using Racah algebra and have been 
tabulated.22,23 ^he term S]^(y) refers to the amplitude mixing ratio for 
the Y ray with mixed L'-pole and L-pole character. For the case of a pure 
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multlpole transition, 5(Y) becomes zero and L' equals L so that the 
equation reduces to 
Ak(LLJ'J) = Fk(LLJ'J). 
Such calculations can be performed for any type of cascade and will be 
shown later. It should be noted that the values of the coefficients 
become extremely small for k>4 and will be ignored so that the equation 
which will be compared to experiment is 
W(0) = 1 + A22P2(cos0) + A^^P^fcosG). (4) 
The experimental information contained in the y-Y coincidence files 
cannot be directly compared with the theoretical predictions. Corrections 
are needed for detector efficiencies and for the solid angle of the 
detectors. The first correction is necessary to obtain equivalent 
relative Intensities for each detector pair and is performed on the 
experimental data. The second correction takes into account the smearing 
out of the angular correlation effect by the presence of finite solid 
angle detectors and is performed on the theoretical predictions. 
The information directly available from the Y-Y coincidence spectra is 
the number of counts Nij(EiE2) for a given detector pair Ij where the 
energy gate is set on energy in detector 1 and the number of counts in 
the peak of energy E2 in detector j is found. The relative intensity 
I(9ij) of the Y-Y correlation between E^ and E2 at the angle between 
the detector pair ij is given by 
where lli(Ej^) Is the relative efficiency of the detector 1 at energy E^, 
Ylj(E2) is the the relative efficiency of detector j at energy E2, and C^j 
is the dead-time correction for the pair 1j. For the experiment on ^^Ga, 
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the count rate was low enough so that the dead-time correction could be 
ignored without introducing significant errors. Hence, only a correction 
for the different coincidence efficiencies was needed. Each detector pair 
was gated both ways, thus the complete information available for a 
detector pair was obtained by adding the two intensities I(8^j) and I(8ji) 
where the energy gate was set on the same peak in both detectors. The 
process does not constitute double counting of the data since there are 
twelve and not six ways in which gates can be set. 
The relative detector efficiencies were obtained using the multiplexed 
spectrum which was described above. From this spectrum, the area of the 
various peaks involved in the cascade, as well as other prominent lines, 
were determined for each detector. These areas, along with known relative 
intensities, were used to determine the relative efficiency of each 
detector. In doing the renormalization, it was not desirable to use large 
correction terms since they lead to a large difference between the number 
of counts observed and the value of the relative intensity. This is 
undesirable because it allows the occurrence of accidental errors from 
imprecise numbers. If the renormalization terms all remain approximately 
one, the chance of accidental errors leading to major errors is reduced. 
Hence, to avoid this confusion, the relative areas of the y-ray peaks in 
the four singles spectra were compared to one another. The 
renormalization was made by multiplying by numbers which would give the 
same area for all y rays of a given energy in the four singles spectra. 
The logic behind this method is quite simple. The experiment can be 
viewed as the combination of four different experiments which must be 
normalized to each other. Each experiment consists of a gating detector 
and three other detectors in which coincidence spectra are taken. For a 
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given cascade, a gate is set on the energy of one y ray in the first 
detector, and only one y ray energy is considered as important in the 
other detectors. To know the way in which the intensity of this y ray 
varies between the detectors requires only that the relative efficiency of 
detecting that y ray in each of the three detectors be known. By 
renormalizing the areas by the factor necessary to give the same area for 
this Y ray in the four singles spectra, the normalization is obtained. 
Now the next three experiments can be viewed in the same way with the 
gating being done on the same y ray in each of the detectors in turn and 
then viewing the effect in the other three detectors. These four 
experiments are normalized to each other by relating the areas of the 
gated Y ray from the singles spectra. This gives rise to twelve different 
angles, but each detector pair is considered twice so that only the six 
angles of the actual experiment are used. This method does give rise to 
an overall normalization factor which is not determined, but since only 
the relative intensity as a function of angle is desired this constant 
term can be ignored. 
It was in general not possible or desirable to use the areas of 
certain of the peaks of interest in determining the relative intensities. 
Often these peaks were very weak, and using them would have introduced 
large errors in the calculation. For these cases, the relative 
efficiencies were determined using stronger lines, which in turn were used 
to establish the ratio of the four efficiency curves to some average 
efficiency curve. In this way the same type of renormalization was 
performed. The relative efficiency versus energy determined in this 
manner for the four detectors is presented in Figure 5. It was assumed 
that the relative efficiency was linear when plotted on semi-logarithmic 
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Figure 5. Relative efficiency versus r-ray energy for f;he four detectors 
used in the angular correlation experiment 
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Table 1. Detector information for 
correlation experiment 
the four detectors of the angular 
Detector Number 1 2 3 4 
Serial Number 21-N-726B 8111-18185-S 20-N-03ZA 21-P-795A 
Detector Type HPGe 
Coax 
Ge(Li) 
Coax 
HPGe 
Coax 
Ge(Li) 
Coax 
Dlameter(mm) 48.2 46.6 46.1 54.5 
Length(mm) 47.2 59.2 45.8 43.3 
Depletion Depth 
(Approximate) 
-
20 - 22 
Front Face to 
Detector Distance(mm) 
3.5 6.5 4.0 4.7 
Active Volume(cm^) 82.4 90.0 72.8 90.0 
Source Distance(cm) 6.45 6.83 6.65 6.25 
paper over the region of interest. The slope of the efficiency was 
assumed to be known to within 3% while the accuracy of the relative 
placement of the line for each detector was taken to be the error in the 
area of the 1348-keV line from the four multiplexed spectra. These data 
points and their error bars are shown in the figure. The relative 
efficiencies quoted later were obtained by using the measured values of 
the slopes and the relative efficiencies of the 1348-keV lines. 
The correction for smearing out of the angular correlation due to the 
finite solid angle of the detectors is dependent upon the energy of the y 
rays detected, the source to detector distance, and the size and type of 
detector used. The specific information about each of the four detectors 
used in the experiment to measure the angular correlation of ®^Ge is 
presented in Table 1. This information was used to make a number of 
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Important calculations in this section. However, the results of the 
experiment will not be presented until section IV. For these 
calculations, an energy range from 500 to 1500 keV was considered. 
The effect on the angular correlation due to detector solid angle was 
taken into account by a correction to the values of Aj^i^ resulting in 
"SJ" = -^ kk^kk 
where the value obtained is the predicted experimental value. The terms 
Qj^k contain all the information necessary to obtain the solid angle 
correction. This term is given by the formula 
K L F  ~ A R  A  N  \  /  
[jg(Yl)jg(Y2) + Jo(Y2)jS(Yl)] 
where the terms are normalized to QQO = 1, A and B refer to the two 
detectors involved in detection of the cascade, and the values are 
given by the integral 
Jj^(Yi) = JPj^(cosa)e^(a,Ej) |sina|da (8) 
where 
a = off axis entrance angle, and 
Ei = detector efficiency at angle a and 
energy Ej. 
The equation for was written in this form since a combination of the 
data for the detector pair looking both ways was being used. This is seen 
in the fact that the values are determined for both y rays in the 
cascade. If it is not desired to sum the two available experimental 
values for a detector pair as described previously, then this expression 
can be simplified by removing the second term in both the numerator and 
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the denominator. However, a normalization factor is lost in the process 
so that the two values for the detector pair cannot be compared directly. 
Now since the integrals for the Jq terms reduce to the efficiency for 
detecting the y ray of a given energy, the factor 
„ Jq*'"!' ... 
can be defined and the values of the Qj^i^ are then defined as 
jJ(Yi) J®(Y2) R ) 1 1 (10) 
The ratio R was determined from the experimentally measured relative 
intensities, and the J^/Jg ratios were determined using tabulated 
information as will be described below. 
The determination of the J^/JQ values required specifying the size and 
shape of the detector, and establishing the detector efficiency equation 
&(a,E). Calculations of these ratios for a number of different detector 
shapes and sizes have been performed by Camp and van Lehn.24 in their 
calculation, the dependence of the detector efficiency on y-ray energy and 
entrance angle was taken to be 
Sj(a,E.) = 1 - e-T<Gi)px ^ (11) 
where tCEj) is the energy-dependent absorption coefficient in cm^/g, p is 
the density, and x is the path length through the detector at the angle a. 
The detectors used were of the coaxial type and of approximately the same 
active volume, as is seen in Table 1. Information on the J2/J0 and J4/J0 
ratios for detectors of approximately the same size and shape is tabulated 
in Table 2 for y-ray energies of 300 keV and 1000 keV. From this table, 
it is obvious that the main effects on the J2/J0 and J4/J0 values are due 
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Table 2. and J4/J0 values for coaxial detectors of 70, 80, and 
90 cm3 active volume for source distances of 3.0, 5.0, and 
7.0 cm and y-ray energies of 300 and 1000 keV from the tables 
of Camp and van Lehn® 
Coaxial 4.5 cm diameter, 16.0 mm depletion depth, 1.0 mm n-reglon 
Source Distance 
Active 
Volume 
(cm3) 
E 
(keV) 
3.0 cm 
J2/J0 «J4/J0 
5.0 cm 
J2/J0 J4/J0 
7.0 cm 
J2/J0 J4/J0 
70.0 300 0.8247 0.5006 0.9166 0.7406 0.9515 0.8445 
1000 0.8360 0.5290 0.9214 0.7549 0.9540 0.8522 
80.0 300 0.8283 0.5106 0.9184 0.7462 0.9526 0.8479 
1000 0.8412 0.5432 0.9241 0.7629 0.9555 0.8569 
Coaxial 5.0 cm diameter, 18.0 mm depletion depth, 1.2 mm n-region 
Source Distance 
Active 
Volume 
(cm3) 
E 
(keV) 
3.0 cm 
J2/J0 J4/J0 
5.0 cm 
J2/J0 J4/J0 
7.0 cm 
J2/J0 J4/J0 
70.0 300 0.7884 0.4145 0.8966 0.6835 0.9394 0.8076 
1000 0.7987 0.4385 0.9011 0.6961 0.9417 0.8144 
80.0 300 0.7934 0.4274 0.8991 0.6908 0.9408 0.8119 
1000 0.8054 0.4557 0.9044 0.7058 0.9435 0.8201 
90.0 300 0.7974 0.4379 0.9012 0.6969 0.9420 0.8156 
1000 0.8110 0.4703 0.9072 0.7142 0.9451 0.8251 
Coaxial 5.0 cm diameter, 20.0 mm depletion depth, 1.2 mm n-region 
Source Distance 
Active 
Volume 
(cm3) 
Ey 
(keV) 
3.0 cm 
J2/J0 J4/J0 
5.0 cm 
J2/J0 J4/J0 
7.0 cm 
J2/J0 J4/J0 
80.0 300 0.7980 0.4400 0.9014 0.6977 0.9422 0.8162 
1000 0.8103 0.4695 0.9067 0.7129 0.9449 0.8244 
90.0 300 0.8017 0.4496 0.9033 0.7033 0.9433 0.8196 
1000 0.8157 0.4835 0.9094 0.7210 0.9464 0.8292 
®See reference 24. 
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Figure 6. J^/Jg versus source distance at y-ray energies of 300 and 
1000 keV for detectors of 80 cm^ active volune for detector 
diameters of 4.3 and 5.0 cm 
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Figure 7. J4/J0 versus source distance at y-ray energies of 300 and 
1000 keV for detectors of 80 cm^ active volume for detector 
diameters of 4.5 and 5.0 cm 
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to source position and detector diameter. The length of the detector and 
the depletion depth , i.e. the active volume, is of less importance. 
Analysis of the table shows a variance of less than a 1% in the J2/J0 
values for a diameter of 5.0 cm and less than 4% for the corresponding 
J4/J0 values when considering an energy and a source distance close to 
those considered in the experiment. However, the minimum difference 
between the calculations for 4.5 and 5.0 cm diameters is at least 2% for 
J2/J0 and at least 8% for J^/Jg. Consequently, it is possible to 
determine the proper values by interpolating between the curves defined by 
the data for the two different diameters using the proper source distance. 
This Information is presented in graphical form in Figures 6 and 7 for the 
case of a 4.5 cm and 5.0 cm diameter detectors each with an active volume 
of 80.0 cm3. These graphs show the slow variation of the values of the 
ratios over energy and detector size for the same source distance. The 
energies of Interest, as will be discussed later, were 866, 939, 985, and 
1348 keV. The values of J2/J0 and J^/Jq were determined for these 
energies for each of the four detectors and placed in Table 3. 
Once this information was obtained, it was possible to determine the 
corrected theoretical angular correlation. Table 4 presents the values of 
the relative efficiencies obtained from Figure 5. This information was 
used in Equation 9 to determine R for each detector pair and cascade. The 
value of R was then used in Equation 10 along with the information in 
Table 3 to obtain values for the 0^%. This information for the three 
cascades of interest in each detector pair is presented in Table 5. 
A great deal of insight can be found by studying Table 5. First, the 
R values are close to one as expected since the detectors were placed at 
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Table 3. J2/J0 and J4/J0 values for the four detectors of the angular 
correlation experiment at the energies of interest 
Detector 
Number 
Source 
Distance 
(cm) 
Volume 
(cmr) (keif) 
J2/V J4/Job 
1 6.45 86.1 866 
939 
985 
1348 
0.945 0.814 
0.945 0.815 
0.945 0.816 
0.947 0.822 
2 6.83 90.0 866 
939 
985 
1348 
0.951 0.846 
0.952 0.847 
0.952 0.848 
0.954 0.855 
3 6.65 76.4 866 
939 
985 
1348 
0.948 0.832 
0.948 0.833 
0.948 0.834 
0.949 0.838 
4 6.25 90.0 866 
939 
985 
1348 
0.922 0.759 
0.923 0.760 
0.923 0.760 
0.925 0.763 
^Assumed error is 1%. 
"Assumed error is 2%. 
Table 4. Relative efficiency® at the energies of interest for the 
detectors used in the angular correlation experiment 
Detector Number 
EY(keV) 1 2 3 4 
866 0.154736 0.162232 0.123825 0.213390 
939 0.14OO32 0.147629 0.115123 0.195564 
985 0.131928 0.140026 0.110222 0.185661 
1348b 0.089214 0.09659 O.O8269 O.I3I837 
&The subscripted value indicates the relative error in the last 
digit(s) of the value. 
^Measured relative values. The arbitrary normalization was 
established so that the average of the relative efficiencies of the 
four detectors was 0.1 at 1348 keV. 
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Table 5. R and Qj^i^ values® for the three cascades of interest in 
the six detector pairs 
1 
(Detector 
1 1 1 
Cascade 1 Pair 
1 
R Q22 Q44 
866-1348 1 1-2 1.03237 0.9OI32 0.69624 
1 1-3 1.15742 0.89732 0.68324 
1 1-4 1.07255 0.87342 0.62230 
1 2-3 1.12236 0.90429 O.7IO23 
1 2-4 1.03950 O.88O39 0.64729 
1 3-4 
1 
0.92645 0.87639 0.63628 
939-1348 
1 
1 1-2 1.02637 0.90232 0.69724 
1 1-3 1.12641 0.89832 0.68424 
1 1-4 1.05854 0.87441 0.62329 
1 2-3 1.09835 0.90429 O.7II23 
1 2-4 I.O3I50 O.88O40 0.64829 
1 3-4 
1 
0.93946 0.87639 0.63629 
985-1348 
1 
1 1-2 1.01937 0.90232 0.69725 
1 1-3 1.IO840 0.89832 0.68524 
1 1-4 I.O5O54 0.87442 0.62329 
1 2-3 I.O8735 0.90429 O.7II23 
1 2-4 I.O3O50 O.88O40 0.64829 
1 3-4 
1 
0.94746 0.87639 0.63628 
®The subscripted number indicates the error in the last two digits 
of each number. 
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distances to give approximately the same absolute photopeak efficiency. 
These values are almost identical for a given detector pair because of the 
relatively small energy separation between the three y rays in cascade 
with the 1348-keV line and the small difference in the slopes of the 
relative efficiency curves. Second, the values of Q22 and Q44 for a given 
detector pair are almost identical due to the slow variation of the J2/J0 
and J4/J0 values over energy. Third, there is a variation of about 3.5% 
in the Q22 values and a variation of about 14% in the Q44 values. 
Although the variation in Q22 is easily within the errors of the values, 
the variation in the Q44 values is generally too large to Ignore. This 
large variation is due to the fact that the detectors were not placed at 
the most judicious distance from the source. The smallest values (I.e., 
the largest corrections) always occur for pairs involving detector number 
4 indicating that it was too close to the source. Had this detector been 
placed 0.5 cm further from the source, then the values obtained would have 
been within errors for all detector pairs. It Is then obvious that this 
type of information should be considered in the placement of the detectors 
during the setup of an angular correlation experiment. 
The comparison between the experimental and theoretical values of 
can now be made using the Qj^|^ values given in Table 5. These values can 
be either used separately for each detector pair or combined to give an 
average value. If used separately, the values are compared for each 
detector pair before combining the data. If used as an average, the 
values should all be within errors as described above. Due to the large 
uncertainties in the experimental results which will be presented later, 
it was sufficient to use average values for both Q22 and Q44 for all three 
cascades even though there was a large variation in the Q44 values. 
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Consequently, weighted averages of all the values were obtained. The 
averages obtained were 
Q22 = 0.892 ± 0.009, and 
Q44 = 0.673 ± 0.010. 
For each number, the error is small enough to be ignored in comparison 
with the larger experimental errors which will be described later. Hence, 
no propagation of the error through the remaining theoretical calculations 
will be made. Once the average Qj^j^ values were known, the theoretical 
values of for point detectors (determined from Equations 2 and 3) were 
corrected using Equation 6. These corrected Aj^i^ values were then used in 
Equation 4 to give the form of the angular correlation function which will 
be compared directly to the experimental results. 
The mixtures of multipolarities for the various transitions were not 
known, but the mixing ratios were needed to calculate values of using 
Equation 3. By allowing S(Y) to have any value from negative infinity to 
positive infinity, a set of values for the Aj^j^ were established for each 
cascade and corrected using the 0%^. Although it is only possible to 
obtain a range of values for Aj^j^, the limiting of the spin of the upper 
level of the cascade to certain values should be possible. 
Five different cascade types were considered to be of interest for 
comparison to the experimental results. The cascades are referred to by 
the term Ji(Li)J(L2)Jf where Jj, J, and Jf refer to the spins of the three 
levels connected by the two y rays of angular momentum and L2- The 
basis of the interpretation was the assumption that the second member of 
the cascade was the 2+ to 0+ transition from the first-excited state to 
the ground state. The five possible cascades were then 0(2)2(2)0, 
1(1,2)2(2)0, 2(1,2)2(2)0, 3(1,2)2(2)0, and 4(2)2(2)0. The first and last 
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cascades listed consist of pure multipole transitions, while the upper y 
ray of the other three cascades is a multipole mixture of Ml and E2. 
Defining the mixing ratio as 
5 = lair (12) 
where <E2> and <M1> are the reduced matrix elements for y transitions of 
E2 and Ml multipolarity respectively and the percent of E2 mixing in the y 
ray as 
%E2 = ^ . , (13) 
1 + gr 
the values of the uncorrected and corrected Aj^j^ terms were tabulated in 
Tables 6 and 7 respectively. This information will be used in a later 
section IV to establish limits on the possible spins of a number of the 
levels in ^Zce. 
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Table 6. Values for the terms for the five possible cascades 
determined from Equations 2 and 3 
Cascade: 0(2)2(2)0 = 0.358 A44 = 1.143 
Cascade: 1(1,2)2(2)0 
|S| %E2 A22(S<0) A44(S<0) A22(S>0) A44(S>0) 
0 0.0 -0.255 0.0 -0.255 0.0 
0.1 1.0 -0.365 -0.005 -0.140 -0.005 
0.2 3.9 -0.460 -0.035 -0.010 -0.035 
0.5 20.0 -0.615 -0.170 0.260 -0.170 
1.0 50.0 -0.590 -0.410 0.520 -0.410 
2.0 80.0 -0.345 -0.620 0.520 -0.620 
5.0 96.2 -0.095 -0.720 0.370 -0.720 
10.0 99.0 0.080 -0.735 0.265 -0.735 
20.0 99.8 0.125 -0.750 0.215 -0.750 
00 100.0 0.175 -0.760 0.175 -0.760 
Cascade: 2(1,2)2(2)0 
|s| %E2 A22(5<0) A44(5<0) A22(5>0) A44(5>0) 
0 0.0 0.250 0.0 0.250 0.0 
0.1 1.0 0.165 0.005 0.315 0.005 
0.2 3.9 0.088 0.010 0.382 0.10 
0.5 20.0 -0.110 0.065 0.477 0.065 
1.0 50.0 -0.280 0.170 0.445 0.170 
2.0 80.0 -0.300 0.265 0.270 0.265 
5.0 96.2 -0.200 0.315 0.065 0.315 
10.0 99.0 -0.140 0.320 -0.005 0.320 
20.0 99.8 -0.115 0.323 -0.042 0.322 
00 100.0 -0.075 0.325 -0.075 0.325 
Cascade: 3(1,2)2(2)0 
|s| %E2 A22(S<0) A44(S<0) A22(S>0) A44(6>0) 
0 0.0 -0.075 0.0 -0.075 0.0 
0.1 1.0 0.005 0.0 -0.157 0.0 
0.2 3.9 0.075 -0.002 -0.232 -0.002 
0.5 20.0 0.210 -0.013 -0.421 -0.013 
1.0 50.0 0.245 -0.040 -0.535 -0.040 
2.0 80.0 0.130 -0.070 -0.495 -0.070 
5.0 96.2 -0.055 -0.078 -0.343 -0.078 
10.0 99.0 -0.130 -0.079 -0.275 -0.079 
20.0 99.8 -0.175 -0.080 -0.240 -0.080 
00 100.0 -0.205 -0.082 -0.205 -0.082 
Cascade: 4(2)2(2)0 A22 = 0.1020 A44 = 0.0091 
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Table 7. Detector solid angle corrected A|^i^ terms for the five 
possible cascades 
Cascade: 0(2)2(2)0 A22 = 0.319 A^^ = 0.769 
Cascade: 1(1,2)2(2)0 
|s| %E2 A22(S<0) A44(5<0) A22(S>0) A44(5>0) 
0 0.0 -0.228 0.0 -0.228 0.0 
0.1 1.0 -0.326 -0.003 -0.125 -0.003 
0.2 3.9 -0.410 -0.024 -0.009 -0.024 
0.5 20.0 -0.549 -0.114 0.232 -0.114 
1.0 50.0 -0.526 -0.276 0.464 -0.276 
2.0 80.0 -0.308 -0.418 0.464 -0.418 
5.0 96.2 -0.085 -0.485 0.330 -0.485 
10.0 99.0 0.071 -0.495 0.236 -0.495 
20.0 99.8 0.112 -0.505 0.192 -0.505 
00 100.0 0.156 -0.512 0.156 -0.512 
Cascade: 2(1,2)2(2)0 
|S| %E2 A22(S<0) A44(5<0) A22(S>0) A44(S>0) 
0 0.0 0.223 0.0 0.223 0.0 
0.1 1.0 0.147 0.003 0.281 0.003 
0.2 3.9 0.078 0.007 0.341 0.007 
0.5 20.0 -0.098 0.044 0.426 0.044 
1.0 50.0 -0.250 0.114 0.397 0.114 
2.0 80.0 -0.268 0.178 0.241 0.178 
5.0 96.2 -0.178 0.212 0.058 0.212 
10.0 99.0 -0.125 0.215 -0.005 0.215 
20.0 99.8 -0.103 0.217 -0.038 0.217 
GO 100.0 -0.067 0.219 -0.067 0.219 
Cascade: 3(1,2)2(2)| 
|5| %E2 A22(S<0) A44(5<0) A22(&>0) A44(5>0) 
0 0.0 -0.067 0.0 -0.067 0.0 
0.1 1.0 0.005 0.0 -0.140 0.0 
0.2 3.9 0.067 -0.001 -0.207 -0.001 
0.5 20.0 0.187 -0.009 -0.376 -0.009 
1.0 50.0 0.219 -0.027 -0.477 -0.027 
2.0 80.0 0.116 -0.047 -0.442 -0.047 
5.0 96.2 -0.049 -0.053 -0.306 -0.053 
10.0 99.0 -0.116 -0.053 -0.245 -0.053 
20.0 99.8 -0.156 -0.054 -0.214 -0.054 
CO 100.0 -0.183 -0.055 -0.183 -0.055 
Cascade: 4(2)2(2)0 A22 = 0.0910 kl^l^ = 0.0061 
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IV. EXPERIMENTAL RESULTS 
A. Decay of ^^Ga to Levels in 
The decay of ®^Ga to levels in B^Ge was first reported by Hoff and 
Fogelberg.15 They identified eight y rays belonging to this decay which 
were placed in a level scheme with six excited states. They proposed a 
assignment of 2+ for the levels at 1348 keV and 2215 keV which suggests a 
low spin assignment for the ground state of ®^Ga. They also suggested a 
tentative spin assignment for the 2233-keV level of 0+. 
A total of two experiments to determine the structure of B^Ge were 
performed. The first experiment was performed in September 1985 for the 
purpose of determining the g-decay half-life and decay scheme of ®^Ga. 
The second experiment was performed in March 1986 to determine the angular 
correlation of certain major two-y cascades in B^Ge. This experiment has 
been partially described in section III. 
The first experiment contained a series of different MTC cycles which 
were used for the enhancement of the various members of the decay chain. 
This information was used to isolate the y rays which could be assigned to 
the decays of ^^Ga, ^ ^Ge, and ®^As whose half-lives are 1.6, 4.6, and 19.1 
sec respectively. Data were accumulated in two separate spectra with 
energy ranges up to ~2.6 MeV and -7.5 MeV respectively. The large energy 
range of the second spectrum was used because of the large value of Qg for 
the decay of ^^Ga. (A Qg of 13.46 MeV is predicted by the microscopic 
calculations of Moller and Nix,^^ however no value has been measured.) 
First, the ®^As lines were identified by using a cycle in which the beam 
was collected for 15 sec followed by a 4-sec delay before the accumulation 
of a spectra for 15 sec. Then, the ^^Ge lines were identified by using a 
cycle consisting of a beam collection period of 5 sec followed by a 1.5-
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sec delay before the accumulation of a spectra for 5 sec. Next, a 
spectrum was accumulated over a 1-sec beam collect cycle to enhance the 
B^Ga lines. This time cycle was run for five days and was the basis for 
the establishment of y-ray energies and intensities. These three spectra 
were used in identification of the lines which could be assigned to the 
decay of ^^Ga. Finally, a time cycle of 1.0 sec of beam deposit and 3.0 
sec of decay was used to determine the half-life of ^^Ga. This time cycle 
was split into twenty time bins of 0.2 sec each. This was considered a 
sufficient length of time to observe the decay since the reported half-
life of ®^Ga is about 0.6 sec. Data were accumulated with this cycle for 
a total of one day. Simultaneously with these different tape cycles, Y-Y 
coincidence records were recorded. This experiment made it possible to 
identify the 1348-keV y ray assigned as the transition between the first-
excited state and ground state of ^^Ge as well as all other lines which 
were reported in BZga decay by Hoff and Fogelberg.^^ Additionally, three 
previously unidentified lines were identified as belonging to the decay of 
B^Ga and placed in the level scheme. 
1. Half-life of ^^Ga 
The half-life of ^^Ga was measured by observing the decay of the 1348-
keV Y ray in the GMS spectra. A plot of the decay curve for the 1348-keV 
Y ray as a function of time is shown in Figure 8. Since there was no 
evidence for the existence of in the spectra, the decay curve was fit 
with the assumption that ®^Ga was the parent of the decay chain. A half-
life of 0.62+0.02 sec was determined. A line representing a fit to the 
data with this half-life is shown in Figure 8. This result is in good 
agreement with the values of 0.60±0.01 sec reported by Rudstam and Lund^G 
and 0.602+0.006 sec reported by Reeder et al.^? 
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Figure 8. Decay curve for the 1348-keV y ray following the decay of 
B^Ga. The line represents a fit to the data with a half-
life of 0.62 sec 
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2. Y-ray energies, Intensities, and coincidence relations 
The identification of the y rays which are associated with the decay 
of B^Ga was made using the three spectra described previously. Those y 
rays which were seen only in the 1-sec beam collect spectrum described 
above could be assigned to ^^Ga decay. The y-ray spectrum from this cycle 
is shown in Figure 9. In this figure, lines identified as belonging to 
the (3 decay of ®^Ga are indicated by an energy label and those identified 
as belonging to ^^Ga delayed-neutron emission are labeled as n(EyXkeV)), 
while the lines identified as belonging to the decays of ®^Ge and ^^As are 
labeled as Ge and As respectively. Although data were taken for energies 
up to -7.5 MeV, no y rays over 3.0 MeV were assigned to the decay. A 
total of eleven y rays were assigned to the g decay of ^^Ga while a total 
of six Y rays were determined to result from the delayed-neutron emission 
of 82Ga which populated levels in ®^Ge. The energy calibration was 
performed at lower energies using the mixed calibration spectrum, and then 
extended to higher energies by using single- and double-escape peaks. The 
detector relative efficiency was determined up to 1.5 MeV using the 
calibrated NBS source, and then assumed to be linear for all higher 
energies. The y-ray intensities were then determined and the coincidence 
summing corrections made. The resultant intensities were normalized 
relative to the 1348-keV y ray which was set to have an intensity of 100. 
A total of 3 X 10^ coincidence events were stored on magnetic tape 
during the first experiment. However, only a small fraction of these 
events were due to y rays emitted during the decay of ^^Ga. Most of the 
events came from other decay chain members, especially ^^As, whose y rays 
were dominant in the spectra. Coincidence gates were set on all possible 
Y rays assigned to the decay of ®^Ga, and the coincidence tapes were 
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sorted. The results from this data set were somewhat distorted by the 
strong Y rays from the ®^As decay. Although most of the coincidence 
information could be obtain from this set of data, the confidence level 
was quite low because of the presence of lines In the coincidence spectra 
which were due to incomplete subtraction of the Compton background. This 
would not have been a major problem had these lines not been the strongest 
In the spectra. Consequently, the results from the Y-Y coincidences from 
the main experiment were ignored for the B^Ga decay, but used for 
assigning unattributed y rays in the decays of B^Ge and ®^As. Instead, 
the Y-Y coincidence information from the angular correlation experiment 
was used. This information was much cleaner because of a better ratio of 
Ga to Ge and As in the ion beam from the source used during that run. A 
total of 1 X 10^ coincidence events were stored on magnetic tape during 
the angular correlation run. Even though the total number of events was 
less than from the main run, the fraction of the events due to ®^Ga decay 
was much higher. Coincidence gates were set on all possible y rays 
assigned to the decay of ^^Ga and the tapes were sorted. Figure 10 Is a 
spectrum of y rays in coincidence with the 1348-keV y ray. All of the 
coincidence spectra were analyzed in detail to obtain a table of 
coincident y rays. A summary of the y-ray energies. Intensities, 
placement, and coincident y rays for each y ray in B^Ga g decay is given 
in Table 8. 
3. B^Ge level scheme 
A level scheme for the N=50 isotone ^^Ge was constructed using the y-
ray energies, intensities, and coincidence relations from ^^Ga decay. 
This level scheme is presented in Figure 11. A total of eleven y rays 
have been placed in the level scheme which contains seven excited states. 
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Figure 10. y-ray spectrum in coincidence with the 1348-keV transition from H%Ga decay, v-ray 
energies are labeled in keV 
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Table 8. y transitions observed in G^Ga g decay 
Ey(keV) 4 Placement(keV) Coincident y rays (keV) 
415.80±0.08 2.8±0.2 2702-2287 938,1348 
487.0 ±0.2 1.2±0.3 2702-2215 (1348) 
866.95±0.13 7.8±0.9 2215-1348 1348 
938.86+0.09 5.8±0.4 2287-1348 415,1348 
985.40±0.08 4.8±1.0 2333-1348 1348 
1348.24±0.05 100. ±5. 1348- 0 415,(487),866,938, 
1365,1909 
,985,1354, 
1354.47+0.09 6.2±0.7 2702-1348 1348 
1365.21±0.09 6.1+0.6 2713-1348 1348 
1909.62±0.09 12.4±0.6 3257-1348 1348 
2215.30+0.12 19.5+1.0 2215- 0 
2713.7 ±0.4 2.6+0.5 2713- 0 
Table 9. Level energies and logft values assuming 0% and 90% ground-
state feeding for excited states in ^^Ge 
0% Feeding 90% Feeding 
Level energy (keV) logft® logf^t^ logft® logfj^t® 
0.0 5.88 8.52 
1348.25±0.07 5.95 8.50 6.95 9.50 
2215.35±0.12 6.14 8.62 7.14 9.62 
2287.02+0.12 7.06 9.55 8.06 10.55 
2333.66+0.13 6.85 9.33 7.85 10.33 
2702.75+0.11 6.46 8.91 7.46 9.91 
2713.49+0.14 6.53 8.97 7.53 9.97 
3257.90+0.14 6.27 8.67 7.27 9.67 
®The errors in the logft and logf^t values are 0.10. 
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The Y rays placed constitute all of the observed Intensity associated with 
the decay of ^^Ga fi decay. However, there Is a possibility of a number of 
Y rays which could belong to this decay which are not identified due the 
low intensity of the ^^Ga observed in the experiment. All of the y rays 
and levels in the scheme are well established by coincidence information 
and energy sums except for the 487-keV transition. This level scheme is 
identical to the level scheme presented by Hoff and Fogelberg^^ with the 
addition of the 487-, 1365-, and 2713-keV y rays and the level at 2713 
keV. It was not possible to calculate exact logft values for the levels 
in 82Ge because of the inability to determine the ground-state P feeding 
experimentally. However, a range of logft values could be determined by 
assuming two widely different values for the ground-state 0 feeding. 
Consequently, logft values were determined by assuming ground-state g 
feedings of 0% and 90%. The value of 13.46 MeV for Qp along with the 
measured half-life of 0.62+0.02 sec were used. The values obtained from 
the two extremes for logft and logfjt are shown in Table 9 along with the 
level energies and their uncertainties. Since all of the logft values are 
greater than 5.9 and all of the logf^t values are greater than 8.5, first 
forbidden unique transitions are not disallowed. 
a. 82Ga ground state Nothing is known about for the ^^Ga 
ground state from purely experimental measurements. However, from the 
logft and logf^t values given in Table 9 and the fact that there is 
significant feeding to the 1348-keV level (a 2+ level), it is possible to 
limit the possible values to 0~, 1±, 2-, 3±, or 4~. From a shell model 
consideration it is possible to further limit the possible values. 
Assuming the 5ist neutron to be in a d^/2 state and the 31®^ proton to be 
in an f5/2 state, as will be argued later, then the possible values are 
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0", 1", 2", 3", 4", and 5". Therefore, the possible values for the 
ground state of ^^Ga are 0~, 1~, 2~, 3", and 4". Hoff and Fogelberg^^ 
claim without proof that the spin should be 2 or less, and,present a value 
of (1+) in their level scheme. However, this assignment is not 
justifiable since there is no neutron-proton configuration near Z=28 and 
N=50 which would give a positive parity state. If the ^^Ga ground state 
can have any of the values given, it is possible to populate by allowed or 
first-forbidden decay levels with J values between 0 and 4 which could 
possibly depopulate by a y ray in cascade with the 1348-k.eV y ray. 
b. 1348-keV level The level at 1348 keV is well established by 
the strong 1348-keV y ray whose intensity is more than twice as great as 
the total Intensity of all the y rays which are observed to be in 
coincidence with it. A consideration of the even N=50 systematics, as 
shown in Figure 12, indicate that this level is 2+ as expected for most 
even-even nuclei. 
c. 2215-keV level The level at 2215-keV is well established by 
the strong coincidence between the 866- and 1348-keV y rays, and the 
strong 2215-keV y ray. The strong transition to the ground state 
indicates that the spin of this level is 1 or 2. A value of 2+ is 
plausible from systematics which indicate a 2+ state between 2 and 2.5 MeV 
and shell model considerations which would require any negative parity 
states to lie at a higher energy. However, a l"*" state is not ruled out. 
d. 2287- and 2333-keV levels These two levels are established by 
the strong coincidences between the 1348-keV and the 939- and 985-keV y 
rays respectively. Neither level has a transition to the ground state, 
although such transitions cannot be completely ruled out because of the 
rather low statistics obtained in the experiment. Systematics indicate 
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the possible presence of both 0+ and 4+ states at approximately these 
energies. Consequently, the angular correlation experiment was performed 
to determine if one of these levels is a 0+ as well as to try and confirm 
the assignment of the 2215-keV level. Further discussion of these levels 
will follow in the section describing the results of the angular 
correlation experiment. 
e. 2702- 2713- and 3257-keV levels These three levels are 
established by the strong coincidences between the 1348-keV y ray and the 
1354-, 1365-, and 1909-keV y rays respectively. Systematics indicate that 
a second 0+ and possibly another 2+ level could be expected at an energy 
of about 2.5 to 3.0 MeV. The ground-state transition from the 2713-keV 
level suggests that this might be a 2^ level while the lack of such a 
transition would suggest a 0+ assignment for the 2702-keV level. However, 
these assignments are in no way definite and are not indicated in the 
level scheme. The 3257-keV level is probably a positive parity state 
since all negative parity states are expected to be quite high in energy, 
but no further limiting of the assignment is justifiable. 
4. Delayed-neutron emission from ^^Ga 
Delayed-neutron emission was first reported in ^^Ga decay by Reeder et 
al.27 They measured a value of 19.8+1.0% for which would indicate the 
probability of seeing y rays from depopulation of levels in ^^Ge. A total 
of six Y rays associated with this decay mode were identified and placed 
in a level scheme for ®^Ge. The energies, intensities, placement, and 
coincident y rays for these transitions are summarized in Table 10. The 
placement of these y rays in the ®^Ge level scheme is shown in Figure 13. 
The level at 678 keV is a known g-decay isomer. 
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Table 10. y transitions observed in BZQa delayed-neutron decay 
EyXkeV) ly Placement(keV) Coincident y rays (keV) 
216.87±0.06 56.4±1.9 895- 678 828 
530.35±0.09 25.8±2.2 1241- 711 711 
562.9 ±0.4 6.8±2.5 1241- 678 
711.37±0.08 100. ±7.a 711- 0 530 
828.0 ±0.4 8.5±3.3 1723- 895 216 
1286.9 ±0.3 13.6±2.6 1286- 0 
^Intensity of the 711-keV line relative to the 1348-keV line is 
13.4±0.9. 
5. Angular correlation results 
The angular correlation experiment which was performed was set up 
specifically to search for possible 0+-2+-0+ cascades. Due to the limited 
amount of time available for the experiment, only two angles, 120" and 
180°, were used in order to give a maximum amount of data. This allowed 
four sets of numbers for 120° and two sets of numbers for 180°. It was 
expected that the intensity ratio for the two angles would be 
significantly different from one for a 0+-2+-0+ cascade and close to one 
for all the other cascades, as will be shown below. The angles between 
detector pairs used were 120° for pairs 1-2, 1-4, 2-3, and 3-4, and 180° 
for pairs 1-3 and 2-4. Data were taken for a total of four days with the 
selection of detector angles and distances indicated in Table 1. It was 
later found that statistics were not sufficient to obtain good results. 
However, further attempts to perform the experiment have failed due to 
unforeseen problems in the ion sources used. Consequently, the results 
which are presented here are not conclusive, but indicate the proper 
analysis methods. 
A total of 1 X 10^ coincidence events were stored on magnetic tape 
during this experiment. Gates were set on the 1348-keV y ray and an 
appropriate background region in each detector, and the tapes were sorted. 
The program SUMDIF was used to obtain the twenty-four spectra which were 
to be analyzed. The twelve difference spectra obtained were analyzed to 
determine the areas of the 866-, 939- and 985-keV lines. The twelve sum 
spectra were then analyzed to determine the areas of the same lines plus 
background. This second set of areas was used to determine the 
appropriate error in the corresponding area in the difference spectra by 
assuming it to be the square root of the area found in the sum spectra. 
This information is presented in the third column of Table 11. These 
numbers were then combined for each detector pair after renormalization to 
an equivalent detector efficiency using the values listed in Table 12 and 
Equation 5 of the angular correlation analysis section on page 26. The 
values of I(G^j) obtained are then listed in column four of Table 11. At 
this point it is helpful to consider the consistency of the results 
obtained. From Table 11, it is obvious that the results for detector 
pairs involving detector 4 are consistently lower. This result suggests 
that there may have been some problems with detector 4. In fact, this was 
the case. At the outset of the experiment it was noted that the 
resolution of detector 4 was much worse than for the other three 
detectors. It was hoped that this would not be an adverse problem if 
sufficient data could be obtained. However, the low statistics obtained 
were detrimental to using this detector since the coincidence counts were 
spread over a larger background interval. This made it impossible to 
obtain a reasonable value for the area since in almost all the cases the 
background subtracted from the peak was larger than the peak itself. 
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Table 11. Areas of the 866-, 939-, and 985-keV peaks in the 1348-keV 
gated spectra and the combined value of l(0jj) for each 
detector pair 
-
Detector 
Cascade Pair Area lOij) 
866-1348 1-2 11.0±4.1 28.6±6.7 
2-1 14.6±4.3 
1-3 16.0+4.0 41.2+7.9 
3-1 14.0+4.0 
2-3 2.0+3.2 16.1±6.4 
3-2 10.0±3.7 
1-4 7.0±4.8 11.6+5.0 
4-1 7.0±3.7 
2-4 3.0+4.1 10.2+4.2 
4-2 10.0+3.5 
3-4 3.0+4.0 8.8+4.8 
4-3 6.2+2.9 
939-1348 1-2 12.0+3.5 22.3±5.0 
2-1 7.9±2.8 
1-3 4.0+2.0 19.5±5.6 
3-1 9.8±3.4 
2-3 6.2+2.5 15.7±4.9 
3-2 6.0+2.8 
1-4 1.0+3.0 0.8+3.4 
4-1 0.0+2.4 
2-4 3.9+2.4 5.1±2.5 
4-2 2.6+2.1 
3-4 4.0+2.4 4.8±2.6 
4-3 1.0+1.0 
985-1348 1-2 8.0±3.5 20.3+6.0 
2-1 10.0+4.0 
1-3 13.0+3.6 38.8+7.4 
3-1 15.2+3.9 
2-3 5.0+2.2 10.1±3.5 
3-2 3.0±1.7 
1-4 4.0+3.2 3.8+3.5 
4-1 0.6+2.7 
2-4 7.0±3.9 11.2+3.7 
4-2 7.3+2.7 
3-4 4.0+2.0 5.7+2.4 
4-3 1.9+1.4 
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Table 12. Renormalization factors® used to combine data for detector 
pairs 
Ey 
(keV) 1 
Detector 
2 
Number 
3 4 
866 0.94622 0.99220 0.75715 1.30555 
939 0.93621 0.98719 0.77015 1.30743 
985 0.92920 0.98610 0.77716 I.3O843 
1348 0.89214 0.9659 0.8269 I.3I837 
®The subscripted value indicates the relative error in the last 
dlgit(s) of the value. 
Consequently, it was justifiable to limit the further analysis to only 
those detector pairs which did not include detector 4. Although the 
remaining set of values is somewhat limited, it was hoped that the final 
results would be more believable. 
The comparison of these results with the expected 'theoretical' values 
can be performed in a number of ways. The two best ways would be to 
compare the values pair by pair and then average the results, and the 
second is to find an average of the experimental results immediately and 
then compare to the 'theoretical' values. The first method requires using 
the individual solid angle correction terms given in Table 5 and is the 
better method when there are ample statistics. The second method uses the 
average values of the correction factors and is helpful in the case of low 
statistics. Although it is obvious that the two methods are essentially 
equivalent, the second method is useful in reducing the large errors 
associated with low statistics early in the calculation by using weighted 
averages to decrease the percent error. The low statistics seen in the 
experiment which was performed dictate the use of the second method. 
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Table 13. Experimental weighted average values for 1(120°) and 1(180°), 
and the corresponding value of Ir for the three cascades 
Cascade 1(180°) 1(120°) Ir 
866-1348 22.0±0.8 41.2+7.9 1.9+0.8 
939-1348 18.9±4.8 19.5+5.6 1.0±0.4 
985-1348 12.7+5.4 38.8+7.4 3.1+1.4 
The final comparison between the experimental and 'theoretical' 
intensity values was made using an intensity ratio. This method was 
chosen because only two angles were considered in the experiment. This 
eliminates the possibility of fitting the data to determine experimental 
A22 and A44 values. Consequently, an intensity ratio defined by 
T 1(180°) 
= 1 (120°)  
is used. From the values in Table 11 for detector pairs involving 
detectors 1, 2, and 3, the weighted average of the intensity at the two 
angles for each of the three cascades was determined and is given in Table 
13. These values were then used to determine the intensity ratio, also 
listed in Table 13, for each of the cascades. These results will now be 
compared with the 'theoretical' values in an attempt to determine the 
nature of the cascades. 
The 'theoretical' value for for the four possible cascade types is 
determined by using the A22 and A44 values given in Table 7, which were 
corrected for detector solid angle. The value for W(0) at the two angles 
was then determined and the ratio calculated. For the two pure 
multipolarity cascades the values are 
Ir(0-2-0) =2.83 
and 
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Ir(4-2-0) = 1.11. 
For the three cases of mixed multipolarity, the values of as a function 
of %E2 mixing are plotted in Figure 14. From these graphs, it is seen 
that each of the three mixed multipolarity cascades has a large range of 
values. This is disconcerting in the present case because the unknown E2 
mixing precludes any precise determination of the cascade type. However, 
the ratio does indicate that it should be quite easy to differentiate 
between a 0+-2+-0+ cascade and the other types. 
It is useful at this point to limit the analysis a little further. 
From systematics it can be argued that one would not expect to populate 
negative parity states at energies of less than 3.5 MeV, and that 1+ and 
3'*' states seem to be less likely but not ruled out below 2.5 MeV. The 
result for the 866-1348 cascade suggest an assignment for the 2215-keV 
level of 2+ with 5>0 and an approximately equal mixing of Ml and E2. 
However, the large error makes any assignment somewhat suspect. Yet 
coupling this result with the presence of the 2215-keV y ray allows the 
definite assignment of this level as 2+ in the level scheme. The result 
for the 939-1348 cascade does not suggest any specific assignment for the 
2287-keV level since the value of Ij^ obtained is consistent with any value 
of except O"*". However, the lack of an observed transition to the 
ground state suggests an assignment of 3+ or 4+. The result for the 985-
1348 cascade is very suggestive of an assignment for the 2333-keV level of 
0+, however the extremely large error on this result puts a great deal of 
doubt on any assignment which is made. Consequently, the assignment for 
this level is only considered as probable. Since these results are so 
suggestive even with low statistics, it is felt that a more detailed 
experiment using six different angles is warranted. With sufficient data 
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Figure 14. Ir as a function of X E 2  for 1-2-0, 2-2-0, and 3-2-2 cascades 
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it should be possible to determine for each of these levels as well as 
for the three higher energy levels. 
B. Decay of ®^Ge to levels in 
This is the first report of the decay of ®^Ge to levels in ^^As. The 
only previous experimental result reported on the decay of BSge was a 
half-life of 1.9+0.4 sec obtained in a 'milking' experiment. 
A single experiment to determine the decay scheme of ^Sce was 
performed in early January 1984. Initially, a survey run at mass A=83 was 
performed for the purpose of identifying any unattributed y rays present 
in the spectrum which could be assigned to the decay of ®^Ge. For this 
step, an equilibrium g-gated y singles spectrum was taken in which an 
unknown line at 306 keV was observed. To determine if this y ray was from 
the decay of ®^Ge, a spectrum was taken where the ion beam was collected 
for 15 sec then allowed to decay for 10 sec before accumulating a spectrum 
for 15 sec. This procedure was chosen because the reported half-life of 
83Ge was 1.9 sec^G and a 10-sec delay would mean a decay of any activity 
due to ®^Ge through at least five half-lives. It was observed that the 
306 keV Y ray had indeed decayed away in this time interval. Finally, a 
run was performed to obtain an estimate of the half-life from the 306-keV 
y ray. The results indicated that the half-life was -1.9 sec so that the 
assumption that the 306-keV y ray resulted from the decay of ^^Ge was 
justified. 
An experiment to determine the half-life and collect y singles and Y-Y 
coincidences was then performed. For the main run, the moving tape cycle 
was set to give a beam collection period of 4 sec followed by 4 sec of 
decay. This cycle allowed easy distinction between the short-lived ^^Ge 
and the other prominent decay chain members ®^As and ^^Se. For the half-
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life measurement, one detector was set for an energy range up to ~5 MeV 
and the GMS cycle was divided into sixteen 0.5 sec time bins. The other 
detector was used for a (3-gated y singles channel with an energy range up 
to -4 Mev. Simultaneously, y-y coincidences were taken using the same two 
detectors with approximately the same energy ranges. The above experiment 
was run for four days until the ion source failed. Later a short run was 
carried out to obtain the mixed calibration spectrum which was needed for 
the determination of y-ray energies. The results of these experiments are 
given in the following section. 
1. Half-life of 
The half-life of ^^Ge was measured by observing the decay of the 306-
keV y ray in the GMS spectra. A plot of the decay curve for this y ray as 
a function of time is shown in Figure 15. It was assumed that the ®^Ge 
was the parent of the decay chain and was not fed by the decay of ®^Ga. 
The only indication of the decay of ®^Ga was a weak 1348-keV y ray which 
was attributed to delayed-neutron emission to levels in ^^Ge. There were 
no other y rays with half-lives shorter than the ^^Ge half-life that could 
be attributed to the decay of ®^Ga. Consequently, since the B^Ga is very 
weak (the 1348-keV y ray is 9.9+0.7% of the 306-keV y ray), has a half-
life much shorter than B^Ge (0.31 sec^^'^^), and has a measured of 
54±7%27 indicating that less than half of the 1348-keV y ray's intensity 
would feed ®^Ge, it was justifiable to ignore its presence in the 
determination of the ®^Ge half-life. The half-life of 1.85+0.06 sec which 
was obtained in this experiment is in agreement with the previously 
reported value of 1.9±0.4 obtained^^ by 'milking' B^Se from a ®^Ge source 
and measuring the strength of the 356-keV y ray from ^^Se g decay. A line 
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Decay curve for the 306-keV y ray following the decay of 
Q^Ge. The line represents a fit to the data with a half-
life of 1.85 sec 
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representing a fit to the data with the half-life of 1.85 sec is shown on 
Figure 15. 
2. y-ray energies, intensities, and coincidence relations 
The identification of y rays from B^Ge decay was accomplished using 
the Y singles spectrum to find unattributed y rays, and QMS and Y-Y 
coincidence information to assign y rays to the decay. Figure 16 is the 
y-ray singles spectrum with the ^^Ge lines indicated by an energy label 
and the lines attributed to the decays of ®^As, ®^Se, ^^Br, and 132j gj-g 
indicated by As, Se, Br. and I respectively. A total of fifty-one y rays 
have been attributed to the decay of ®^Ge. The energy calibration was 
performed for lower energies using the mixed calibration spectrum and then 
extended to higher energies by using single- and double-escape peaks. The 
y-ray intensities were obtained from the peak areas using the detector 
efficiency calibration which was described previously. The intensities 
were taken relative to the 306-keV y ray which was set to have an 
intensity of 100. Once the decay scheme had been determined, the Y-ray 
intensities were corrected for coincidence summing, as described in 
section III, and renormalized to an intensity of 100 for the 306-keV y 
ray. This procedure allowed determination of accurate energies and 
intensities of all the y rays associated with ®^Ge decay. 
A total of 4 X 10^ coincidence events collected during the four-day 
run were stored on magnetic tape for later analysis. Coincidence gates 
were set on all the y rays assigned to the decay of ®^Ge, and the 
coincidence tapes were sorted. Figure 17 is a spectrum of y rays in 
coincidence with the 306-keV y ray. All the coincidence spectra were 
analyzed in detail to obtain a table of coincident y rays. This 
information was the main source for the placement of transitions in the 
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Figure 16. 
ENERGY (keV) 
Y-ray spectrum from the decay of an A=83 source. The tape 
collector cycle for this spectrum was set for 4-sec beam 
collect and 4-sec decay to enhance the short-lived Q^Ge. 
Lines assigned to the decay of ^^Ge are labeled by their 
energies in keV. The line at 1348 keV is due to delayed-
neutron emission from ®^Ga. Lines identified with other 
decays are labeled as follows: ®3as(As), ®^Se(Se), ®^Br(Br), 
132l(I) 
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level scheme. A summary of the y-ray energies, intensities, coincidences, 
and placement in the decay of ®^Ge is given in Table 14. 
In the process of establishing the y-ray energies and intensities, it 
was found that there were some discrepancies between the information 
obtained from the y-ray singles spectrum and the results of the 
coincidence sorting. The y rays found to have a discrepancy between the 
two sets of data were at 886, 1093, and 1219 keV. The existence of the 
886-keV y ray was indicated by the doublet observed in the 306-keV 
coincidence gate. It was not possible to obtain a good fit of the area of 
this y-ray peak in the singles spectrum because of the presence of peaks 
due to longer lived A=83 decay chain members at the same energy. 
Therefore, the y-ray peak area in the 306-keV gate spectrum was used to 
obtain the best values for the energy and intensity. The values which 
were obtained were in agreement with the values obtained from the singles 
spectrum, but much more confidence could be placed in these values. The 
1093-keV y ray was observed in the GMS spectra to have a half-life 
inconsistent with the decay of ^^Ge and the peak area in the 306-keV 
coincidence gate was much less than expected. It was found that part of 
the intensity could be assigned to a y ray at 1092.2 keV which is 
associated with the g decay of ^^Ge from the delayed-neutron branch of 
B^Ga.lS The area for this y-ray peak was fit in both the 306- and 405-keV 
coincidence spectra. The values which were obtained were in agreement 
with each other and a weighted average of the values is presented. As a 
further check, the GMS results were used to obtain a ratio of the two 
components in the 1093-keV y ray. The resulting intensity for the ®^Ge g-
decay component was in agreement with the value obtained from the more 
precise coincidence spectra analysis. The 1219-keV y ray was also found 
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Table 14. y transitions observed in ^^Ge (3 decay 
EyCkeV) ly Placement(keV) Coincident y rays (keV) 
306.51±0.05 100. ±5. 306- 0 405,618,886,890,950,1023, 
1093,(1108),1128,1219, 
1671,1916,(2793),(2834), 
3427,(3649),(3693),3823, 
3921 
405.18±0.05 11.4±0.7 711- 306 306,618,1093 
562.6 ±0.3 1.1±0.3 1977-1414 
618.37±0.12 2.5±0.3 1329- 711 306,405,(711) 
711.66±0.08 3.1±0.3 711- 0 
866.96±0.20a 2.2±0.5a 1193- 306 306 
890.01±0.15 9.9±0.8 1196- 306 306,3031 
950.14±0.18 2.4±0.3 1256- 306 306 
966.24+0.22 1.6±0.3 2222-1256 
1023.1 ±0.3* 2.6±0.7a 1329- 306 306 
1093.10±0.10a»b 5.5±1.3a'b 1804- 711 306,405,(711) 
1108.4 ±0.3 1.4±0.3 1415- 306 
1128.52±0.16 6.3±0.8 1434- 306 306 
1193.77±0.11 20.5±1.2 1193- 0 3027 
1196.2 ±0.5 0.7±0.5 1196- 0 
1219.15±0.24a 2.1±0.4a 1525- 306 306 
1256.8U0.11 8,8±0.7 1256- 0 966,2873 
1329.61+0.18 7.0+1.1 1329- 0 
1415.09±0.11 11.1±0.8 1415- 0 562,(2805) 
1434.87±0.11 11.8+0.8 1434- 0 (2999) 
1525.50±0.14 13.6±1.2 1525- 0 (2908),(2604) 
1543.39±0.15 7.9±0.6 1543- 0 
ray. 
ray. 
^Energy and intensity from spectrum in coincidence with the 306-keV y 
^Energy and intensity from spectrum in coincidence with the 405-keV y 
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Table 14. (Continued) 
Ey^keV) ly Placement(keV) Coincident y rays (keV) 
1671.2 ±0.3 2.2±0.4 1977-- 306 306 
1916.0 ±0.43 2.4±1.0a 2222-- 306 
1978.1 ±0.3 2.6±0.5 1977-- 0 
2087.7 ±0.3 3.2±0.4 3522--1434 (306) 
2194.7 ±0.6 1.3±0.5 3999--1804 
2325.9 ±0.4 2.4±0.5 3522--1196 
2604.8 ±0.4 2.1±0.5 4130--1525 
2626.8 ±0.4 4.8±0.8 3956--1329 1329 
2793.6 ±0.3 5.3±0.6 3100-• 306 306 
2805.7 ±0.6 1.4±0.4 4221-• 1415 
2834.0 ±0.5 1.7±0.5 4030-1196 306,890 
2873.3 ±0.4 3.6±0.5 4130-•1256 
2880.1 ±0.4 2.1±0.4 • 4405-1525 
2908.8 ±0.5 1.8±0.4 4434-1525 
2999.3 ±0.5 3.2±0.4 4434-1434 (1434) 
3027.7 ±0.5 5.0±0.6 4221-1193 1193 
3031.2 ±0.9 1.2±0.6 4228-1196 
3427.1 ±0.5 5.8±0.7 3733- 306 306 
3649.4 ±0.6 2.U0.4 3956- 306 306 
3693.2 ±0.6 2.2±0.5 3999- 306 306 
3733.1 ±0.6 2.6±0.5 3733- 0 
3823.2 ±0.6 4.1±1.2 4130- 306 306 
3921.9 ±0.5 5.8±1.3 4228- 306 306 
4129.9 ±0.5 7.6±0.7 4130- 0 
4191.4 ±0.4 9.9±0.9 4191- 0 
4364.3 ±0.5 8.8±0.9 4364- 0 
4405.6 ±0.6 3.9±0.7 4405- 0 
4433.6 ±0.5 7.7±0.8 4434- 0 
4841.6 ±0.7 7.9±1.0 4841- 0 
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to have the wrong half-life, the long-lived component being due to a 
background line. Since the GMS spectra were not g gated, it was not 
possible to use intensity ratios. Hence, the y-ray peak area was fit in 
the 306-keV coincidence gate to obtain a reasonable value for the y-ray 
energy and Intensity. 
3. B^As level scheme 
A level scheme for the N=50 isotone ^^As was constructed using the y-
ray energies, intensities, and coincidence relations. This level scheme 
is presented in Figure 18. A total of fifty-one y rays have been placed 
in the level scheme which contains twenty-seven excited states. The y 
rays placed in this level scheme constitute all of the observed and 
identified Y-ray intensity. Almost all of the levels are well established 
by coincidence relations and energy sums. In the level scheme, well-
established levels and y-ray transitions are depicted by solid lines, 
while the other levels and transitions are given by dashed lines. A 
description of the levels and any information which can be inferred about 
them is given below. 
a. Ground state Very little can be inferred about the ground 
state of 83^8 from the experimental work which was done. It was 
impossible to determine the ground-state P feeding because of the presence 
of primary Ge and As in the ion beam. However, systematics indicate that 
the most probable spin and parity assignment for the state is 5/2", as 
shown in Figure 19 which indicates the level systematics for the odd N=50 
isotones. Since the ground state of the parent nucleus ^^Ge is 5/2+, 0 
transitions to the ground state are allowed; therefore, the ground-state g 
feeding is non-zero. Consequently, it was not possible to determine exact 
logft values for the excited states. However, some approximate 
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Figure 18. Level scheme for seen in ®^Ge g decay 
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Figure 19. Level systematics for the odd-A N=50 isotones ®^As, ^^Br, 
87Rb, and 89y 
logft values could be determined by using information on the decay of ®^Se 
to the N=50 isotone ®^Br which has been studied in detail.^9 ®^Br has a 
level scheme which is similar to that for ®^As (see Figure 19) but with a 
ground state of 3/2" and first-excited state of 5/2". These spin 
assignments in ^^Br have been established by ®^Kr(d,3He)®^Br studies^® and 
imply that the £5/2 orbital is filled first. Consequently, the 
first-excited state should be 3/2". Since the P3/2 - ^ 5/2 spacing for 
®^Br is 345 keV as compared to 306 keV for B^As, assumptions about the 
logft values of the ground state and first-excited state of 83^3 can be 
made. Therefore, logft values for the ®^Ge decay have been calculated 
under two assumptions: (1) that the logft for the ^^As ground state is 
the same as for the 345-keV level in ®^Br, and (2) that the logft for the 
306-keV level in ^^As is the same as for the ®^Br ground state. A Qg of 
8.96 MeV from the tables of Holler and Nix^S along with the measured half-
life of 1.85+0.06 sec for 83Qg were used. In all cases except for the 
ground state the two sets of logft values differed by only 0.26 indicating 
that a average of the two sets of logft and logf^t values would give a 
reasonable approximation. These results are shown in Table 15 along with 
the level energies and their uncertainties. Uncertainties for the logft's 
are estimated to be less than 0.2 within the constraints discussed above. 
b. 306-keV level The 306-keV level is established by the intense 
306-keV Y ray and the fact that the total intensity of the y rays in 
coincidence with the 306-keV transition constitute only 65% of its 
intensity. Most of the y strength from the higher levels feeds through 
this level or directly to the ground state. The spin and parity of this 
level can be assumed to be 3/2" both by systematics and by the strength of 
the transition to the 5/2" ground state. This is also consistent with the 
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Table 15. Level energies and logft values for excited states in ^^As 
Level energy (keV) logft® logfjt® 
306.51+0.05 6.4 8.6 
711.66+0.06 7.0 9.2 
1193.70±0.13 6.5 8.6 
1196.53±0.14 7.0 9.1 
1256.76±0.09 6.9 9.1 
1329.87±0.15 6.8 9.0 
1415.11±0.10 6.6 9.0 
1434.92+0.09 6.6 8.7 
1525.52+0.11 6.6 8.8 
1543.39+0.15 6.7 8.8 
1804.76+0.11 7.0 9.1 
1977.9 ±0.3 6.7 8.8 
2222.89±0.21 6.9 8.9 
3100.1 ±0.3 6.5 8.4 
3522.5 ±0.3 6.3 8.2 
3733.4 ±0.4 6.0 7.9 
3956.4 ±0.3 6.1 7.9 
3999.6 ±0.4 6.3 8.2 
4030.5 ±0.5 6.7 8.4 
4130.1 ±0.3 5.5 7.3 
4191.4 +0.4 5.7 7.5 
4221.2 ±0.4 6.0 7.7 
4228.3 ±0.4 5.9 7.7 
4364.3 +0.5 5.7 7.5 
4405.6 ±0.3 5.9 7.6 
4434.1 ±0.3 5.5 7.3 
4841.6 ±0.7 5.6 7.2 
®Logft and logf^t have assumed errors of 0.2. 
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fact that the spacing between the low-lying 3/2" and 5/2" levels in the 
N=50 isotones and is 345 keV and 402 keV respectively. 
c. 711-keV level The 711-keV level is established by the strong 
coincidence between the 405- and 306-keV y rays and by the 711-keV y ray. 
This level lies lower in energy than the corresponding second excited 
state in ®^Br and ®^Rb which lie at 955 keV and 845 keV respectively.29*31 
This fact is quite significant as will be seen in section IV. Systematics 
do not identify the spin and parity of this level and the estimated logfjt 
of 9.1 is not low enough to rule out first-forbidden unique g 
transitions.28 Therefore, the j"- value could be 1/2", 3/2±, 5/2*, 7/2±, 
or 9/2". However, if it is assumed that no y ray transitions with 
multipolarities higher than E2 are seen, then the strong transitions to 
the 5/2" ground state and the 3/2" 306-keV level limit the assignment 
to 1/2", 3/2±, 5/2±, or 7/2" while shell model arguments would favor only 
the negative parity states for this level. 
d. 1193- to 1543-keV levels A major feature of the B^As level 
scheme is a group of eight levels between 1.1 and 1.6 MeV that, with the 
exception of the 1543-keV level, are well established by strong 
coincidences between a y ray depopulating the level and the 306-keV y ray, 
and a transition to the ground state. The 1543-keV level is dashed 
because it is only established by a single y ray to the ground state which 
was not seen in coincidence with any other y rays. As seen in Figure 19, 
a similar grouping of levels is evident in ^^Br and ®^Rb but with a 
somewhat lower level density. Since these levels are relatively low 
lying, it can be expected that they would be well characterized by a shell 
model calculation. All of these levels have significant g feeding, but in 
all cases the estimated logft values are greater than 6.4 and the logf^t 
values are greater than 8.5, thus first-forbidden unique g transitions 
cannot be ruled out and the limitations are the same as for the 711-keV 
level. The logft values and energies are consistent with their 
interpretation as being mostly negative parity three quasi-particle states 
outside the core. 
Very little else can be inferred about these levels from the 
experimental data, but a close look at the intensity of the transitions 
between these levels and the ground and first-excited states can give some 
modest limitation of the assignments. Since the arguments given below 
are weak, the assignments are not included in the level scheme. From 
the arguments given above, the possible spin assignments are 1/2", 3/2", 
5/2", 7.2", and 9/2". The levels at 1193-, 1256-, 1414-, and 1525-keV are 
characterized by transitions to the ground state which are much stronger 
than to the 306-keV level. Therefore, these levels are probably of higher 
spin although 9/2" is ruled out. For the levels at 1329- and 1434-keV the 
relative intensities of the depopulating y rays are not so dissimilar, 
indicating that their spin assignment cannot be limited except that it is 
not 9/2". The level at 1196-keV has a strong transition to the 306-keV 
level and a very weak transition to the ground state, indicating that the 
spin is probably one of the lower two with the 1/2" assignment being 
favored. The 1543-keV level has only a transition to the ground state, 
indicating a higher spin assignment with a most probable assignment as a 
9/2" state. These arguments indicate that one would expect a shell model 
calculation to give a number of levels between 1 and 2 MeV which are 
dominated by 3/2", 5/2", and 7/2" states and smaller number of 1/2" and 
9/2" states. 
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e. 1804- to 3100-keV levels These levels are established by 
definite coincidences. The level at 3100-keV is dashed because it is 
based solely on the placement of the 2793-keV y ray in coincidence with 
the 306-keV y ray. The fact that there are only four levels in this 
energy range is Interesting since the shell model would predict a much 
large number of levels. However a similar 'gap' was observed in the level 
structure of ®^Br where only four levels between 2.0 and 3.5 MeV were 
observed in g decay and (d,^He) studies.29,30 
f. 3522- to 4841-keV levels Almost half (42%) of the (3 intensity 
to excited states in ®^As feeds the 13 levels between 3.5 and 4.9 MeV. 
Some of these levels are established by coincidence relations. The levels 
at 4191-, 4364", and 4841-keV decay only to the ®^As ground state but are 
considered to be well established since the corresponding y rays are 
intense, yet no coincidences with the 306-keV y ray or other strong y rays 
are observed. The level at 4030-keV is dashed since only one weak 
depopulating y ray at 2834 keV is observed. This concentration of g 
strength around 4 MeV is also observed in the decay of ®^Se to levels in 
B^Br where 12 excited states are observed between 3.5 and 4.6 MeV. 
However, the N=50 isotone ®^Rb has a much more uniform level density 
between 2.0 and 6.0 MeV.31 
In B^As a significant concentration of g intensity is observed for the 
seven states between 4.13 and 4.43 MeV. Approximately 28% of the g 
intensity to excited states goes to these levels. A similar pattern was 
observed in the decay of 136j levels in the N=82 isotone 
Studies using the (p,p') reactions^^ established that several neutron 
particle-hole states were excited at around 4.5 MeV. A similar 
explanation for the strong g feeding to levels just above 4 MeV in B^As is 
82 
reasonable. In this case the 51®^ neutron In B^Ge Is d^/2f thus It cannot 
decay by an allowed transition to the available proton orbltals (f^/2> 
P3/2» PI/2» 89/2)*  ^ neutron particle-hole state can be formed when a 
S9/2 or Pi/2 neutron in B^Ge decays to a gg/2 or Pl/2 Photon in ®3^s by an 
allowed transition. This is consistent with the fact that the logft 
values for these seven levels range from 5.5 to 6.0. The resulting states 
would have a neutron particle-hole configuration of (d5/2)(g9/2)~^ or 
(d5/2)(Pi/2)~^' These neutron configurations could then couple with the 
corresponding unpaired proton to give a variety of positive-parity states. 
The above arguments assume that particle-hole excitations of the N=50 
closed neutron core become prominent at around 4 MeV. 
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V. THEORETICAL INTERPRETATION 
A. Shell Model Calculations 
The theoretical interpretation of the structure of the N=50 isotones 
is based upon the shell model of nuclear structure.The shell model 
has been derived using the assumption that the individual nucléons move in 
an effective spherically symmetric nuclear potential, plus some residual 
interactions which describe the coupling of pairs of nucléons. In 
addition to the nuclear potential, there is a spin-orbit coupling 
interaction which couples the spin (s) and orbital (1) angular momentum of 
the individual nucléons to give the total angular momentum (j). The spin-
orbit coupling causes a splitting of the single particle states. For an 
appropriate choice of effective potential, this gives rise to the observed 
'magic numbers' which are large gaps in the single particle energy 
spectrum. The nuclei described by the 'magic numbers' are found to have a 
very stable structure and, in terms of the shell model, constitute an 
inert core of nucléons about which other (valence) nucléons can couple 
independently of the core. In this way, the 'magic' nuclei correspond to 
the noble gases of atomic structure which have an inert (filled) core of 
electrons. Nuclei of an even more stable structure are the 'doubly magic' 
nuclei which have both a 'magic number' of neutrons and protons. Because 
of the existence of an inert core in the shell model, nuclei can be 
modeled by considering only protons and neutrons outside the core. 
Generally only the first major shell needs to be considered for the low-
energy structure. 
The coupling of valence nucléons by the residual interaction within 
the major shells is given by a two component force. The first part is 
long range in nature and is responsible for shape oscillations. This part 
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Is dominant In the mldshell region. The second part Is short range In 
nature and Is called the pairing force. It dominates in the regions near 
closed shells. The pairing force is described by a particular palrwise 
coupling of the total angular momenta of the two interacting nucléons, 
known as j-j coupling. (The use of the j-j coupling scheme to describe 
the interaction is justifiable because the spin-orbit coupling is strong 
enough to invalidate the L*S coupling approximation.) Hence, in a 
simplified view, nucléons within a major shell occupy states of a given j 
subshell and mutually Interact to give the observed structure. Since only 
nuclei near a closed core were studied in this dissertation work, only the 
pairing force was considered in the residual interaction. 
In the actual determination of shell model structure, one does not 
deal with particles, but with quasl-particles. Quasi-particles, as 
described by BCS theory, are used because the complexity of the pairing 
Interaction requires the use of an approximate solution to the problem for 
the case of many particles. Therefore, a variational calculation is made 
using the trial wavefunctlon 
i°> 
where the product is over all single particle orbits j within the 
major shell. The a^^ is a creation operator for particles in the shell 
model state (m = -j to +j), and (Uj)2 and (vj)2 respectively describe 
the probability that the pair state |j m j -m> is empty or filled. 
Defining the BCS ground state as the quasi-particle vacuum |0>, one 
obtains the excited states by means of quasi-particle operators 
+ + 
a. = u. a. - V. a. jm jm jm jm j-m 
and 
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"j-m -
Hence, one obtains quasi-particle states which are composed of shell model 
states with varying probabilities of occupation. Similarly, the quasi-
particles can be viewed as particles occupying these mixed states. For 
odd-A nuclei, the low-lying levels are described by one quasi-particle 
states, while higher-lying levels are described by three and five quasi-
particle states. Similarly, for even-A nuclei, the ground state is 
described by the zero quasi-particle state, the low-lying levels by two 
quasi-particle states, the higher-lying levels by four quasi-particle 
states. Additionally, one often uses quasi-holes to describe states 
within an almost closed shell or subshell. 
For the calculation of the shell model structure of the N=50 isotones, 
the assumption has been made that the nucleus ^8^1 constitutes a 'doubly 
magic' closed core. This allowed the modeling of the Z>28, N=50 Isotones 
using only protons in the major shell between Z=28 and Z=50. This major 
shell consists of four subshells: f5/2> Pl/2' P3/2' g<j/2' The protons 
were allowed to couple freely within this shell, but all interactions with 
states outside the shell or with the core were ignored. 
To perform the calculation, it was necessary to choose an appropriate 
interaction Hamiltonian for the nucléons which couple within the shell. 
The Hamiltonian can be written in a simple form as 
H = Hq + + H2. 
The term HQ is the zero-body term and its eigenvalue is a scalar constant 
which describes the core. Since all the calculations are done relative to 
the nucleus ^%i, this term can be ignored. The second term, H^, is the 
one-body portion of the interaction and describes the energy of a particle 
or hole which occupies a single particle state. The third term, H2, 
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describes the residual two-body interaction in which any two valence 
nucléons interact with each other. Three-body and higher order terms in 
the Hamiltonian were not considered because the effect of these terms was 
expected to be very small. Both the one- and two-body terms of the 
Hamiltonian will be described in more detail below. This discussion will 
be in terms of the particle formalism as opposed to the quasi-particle 
formalism. The transformation to a quasi-particle formalism will only be 
discussed qualitatively. 
Within the particle formalism, it is assumed that individual particles 
occupy specific subshell states. Each possible subshell state is 
specified by a set of quantum numbers. If the difference between neutrons 
and protons is ignored, one can leave out isospin effects and write a 
subshell state as which is created by the operator aj^. One then 
defines a number operator, 
which specifies the number of particles in the state j. Since the various 
m states of a spin-j state in the nucleus are degenerate, the energy of a 
single nucléon in a state «(ij^ is given by Ej, the single-particle energy 
(SPE). Therefore, for a many particle system, the term of the 
Hamiltonian can be written as 
" r ^jm^j^jm^jm-
This term is rather straightforward and represents the total single-
particle energy of a level. This Is the level energy which would be seen 
if it were possible to turn off the residual interaction. However, the 
presence of the residual interaction causes a more complicated level 
structure. 
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The determination of the two-body interaction requires first the 
specification of the two-body states on which the interaction acts. These 
two-body states are derived from the single-particle creation operators by 
the two-particle creation operator 
which describes the creation of a state with total angular momentum (JM) 
from the two states and (j2m2)' In this formula, the term 
<jlj2mim2|JM> is the standard Clebsch-Gordan coefficient. With these 
states defined, the residual interaction can be written as 
where the notation means that In the summation. The first 
term in the sum is the two-body matrix element (TBME). The only 
requirement at this point is to specify the form of the two-body 
interaction V\2 (or the determination of the TBME. 
Using the Hamiltonian described above, several computer programs have 
been implemented. The program used in these studies is the one described 
by French et al.^^ and developed by Wlldenthal.^;? As described by French 
et al.35, the Hamiltonian matrix is written in terms of second-quantized 
operators and states. With this Implementation, all of the operators can 
be written in terms of single-shell matrix elements (SSME). This 
simplifies the problem of determining the matrix elements since a 
precalculation of the SSME can be performed, as will be described later. 
The only input then required of the program is the SPEs and the TBMEs for 
the shell model states of interest. However, a more specialized form of 
the shell model states is necessary. Once the Hamiltonian matrix elements 
are determined, the matrix is dlagonallzed to obtain the level structure 
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of the nucleus In question. It is at this point that the quasi-partlcle 
formalism is used by describing the final states in terms of quasi-
particles. 
The specialization of the shell model states comes about due to the 
need to take into account the neutron-proton interaction, which has been 
found to be of a different strength than the proton-proton or neutron-
neutron Interaction, and the effect of more than one particle in a given 
subshell. The neutron-proton interaction is Included by requiring the 
Inclusion of an Isospln-dependent two-body interaction. This dependence 
will only be seen In the TBMEs. Additionally, the specification of 
particle number limits for subshell states will change to allow the 
inclusion of both neutrons and protons. The presence of more than one 
particle in a subshell changes the possible values of the total angular 
momentum J of the state. With Isospln included as a good quantum number, 
the total set of quantum numbers needed to uniquely specify a given state 
can be found. The method for determining the quantum numbers Involves 
group theoretical methods and Young tableaus as described by Flowers. 
The necessary quantum numbers are found to be 
NP = number of particles In the subshell, 
J = total angular momentum of the many particles in the subshell, 
T = total isospln of the many particles in the shell, 
s = seniority of the state, 
tj. = reduced isospln of the state, 
X = number to differentiate between states with the same set of 
quantum numbers (NP J T s tj-)>and 
Y = number to differentiate between states with the same set of 
quantum numbers (NP J T). 
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Table 16 Unique quantum number set for neutrons and/or protons in the 
Pl/2 subshell 
NP 2J 2T s 2tr X Y 
0 0 0 0 0 1 1 
1 1 1 1 1 1 1 
2 0 2 0 0 1 1 
2 2 0 2 0 1 1 
3 1 1 1 1 1 1 
4 0 0 0 0 1 1 
The seniority of a state can be most easily considered as the number of 
uncoupled particles in the state, and has been found to be a good quantum 
number. Hence, if there is one particle in the state then the seniority 
is one, for two particles in the state the seniority can be either zero or 
two, etc. The reduced isospin is defined to be the difference between the 
isospin of the coupled protons and the isospin of the coupled neutrons in 
the state. For the case of singly magic nuclei, the reduced isospin is 
equal to half the seniority of the state. The quantum numbers X and Y are 
included to give a unique set for each state since for the higher spin 
states with many particles there can be more than one way to obtain the 
other quantum numbers. The unique set of these possible quantum numbers 
for the case of neutrons and/or protons in the Pi/2 subshell, j=l/2, are 
given in Table 16. It is immediately obvious that the limitation to 
singly magic nuclei will greatly simplify the calculations. 
In the method described by French et al.^^, a description is given for 
expansion of any two-body operator in terms of single shell operators. 
This expansion can be done in terms of at most nine different operators. 
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These operators correspond to the creation and/or annihilation of up to 
two neutrons and/or protons in a specific subshell. One of these 
operators corresponds to the single creation-annihilation operator of the 
term of the Hamiltonian. Therefore, the determination of the SSME's 
using the nine operators will give all the information necessary within a 
subshell. The method for determining the SSMEs is described by French et 
al.35 and involves only the specification of the angular momentum of the 
subshell. As an example, the six states for the pi/2 subshell give rise 
to a total of thirty-six matrix elements, thirty of which are non-zero. 
These matrix elements are determined in a straightforward way by choosing 
the appropriate operator to connect the two single subshell states. One 
then obtains a simple formula which contains coefficients of fractional 
parentage which can easily be determined as described by Lawson (34, p. 
477). In this way, all the SSMEs for the subshells of interest can be 
determined and stored for later use. This is the preferred method since 
the calculation of the SSMEs requires more computer time than the 
diagonalization of the Hamiltonian matrix and the SSMEs do not change from 
one calculation to the next. 
The TBMEs can be determined in a number of ways. The most common way 
is to specify the form of the two-body interaction potential V22 and 
perform a direct calculation. Another common method is to determine a set 
of TBMEs for a given model space by doing a least-squares fit of levels in 
a number of nuclei which are being modeled within this model space. For 
the following calculations, the interaction was chosen to be a surface-
delta interaction (VgD%). The surface-delta interaction has been 
described in detail37,38 ^nd is calculated in a straightforward manner 
using the formula 
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*I / (2ji+l)(2j2+l)(2j3+l)(2j4+l)l 2 
^ JlJz'VsDl'JsJA ^J,T = 2(2J+1) I (l+6j2)(l+&34) J 
1-+ lg+ j«+ j/ 1 1 11 lo+ 1/+ J +T 
*[(-1) <^12 hi |J0><j3 2 J4 2 ) 
- <ji 2 hi 2 ^ 4 2 Pl>{l+(-l)^ )] • 
In this equation, J and T are the total angular momentum (spin) and the 
total isospin of the two-particle system, j]^ and 1|^ are the spin and 
orbital angular momentum of a particle in orbit k, and the <jim]^j2m21 JM> 
are the Clebsch-Gordan coefficients. The strength of the delta function 
is given by A-j, one value for T=0 (neutron-proton interaction) and one 
value for T=1 (proton-proton or neutron-neutron interaction). Since the 
Clebsch-Gordan coefficients are easily determined by a computer, the 
calculation of the TBMEs using this formula can be accomplished very 
quickly making this a extremely simple way in which to obtain reasonable 
values for the TBMEs. 
Often in calculations of this type, a modified surface-delta 
interaction is used.39 The modification is the inclusion of an isospin-
dependent term to the interaction potential. This additional term amounts 
to adding a term B-p to the diagonal matrix elements. This term is added 
to obtain a better agreement between experimental and calculated binding 
energies. For the case of only protons or neutrons in the shell, the term 
causes only a scalar shift in energy levels. Therefore, since the binding 
energies relative to ^®Ni are not known in the region of interest, the 
modification of the surface delta interaction will not be considered in 
the following calculations. 
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B. Method of Calculation 
At the present time, no calculations based on the shell model have 
been performed on the lighter mass N=50 isotones. Recently Blomqvist and 
Rydstrom^O carried out a series of shell model calculations for the N=50 
isotones above the f5/2> P3/2 subshell closure at A=88. Results were 
obtained for nuclei up to ^^In. They assumed ®®Sr to be a closed core and 
treated the extra-core protons as filling only the Pi/2 and gg/2 orbitals. 
Similar calculations had been carried out previously^! for through 
94Ru using the same basic assumptions and obtaining similar results. 
Gloeckner and Serduke^^ fit both energy levels and E2 and M4 transition 
probabilities in the five N=50 isotones from ^®Zr to ^'^Ru. They concluded 
that seniority breaking in the Pi/2~S9/2 model space is minimal, with only 
a small violation of seniority conservation necessary to explain the rates 
for inhibited E2 transitions in 94Ru. The conclusion from these studies 
was that the subshell closure at ^®Sr is valid and that a good description 
of the N=50 isotones between ®^Sr and ^'^^Sn is obtained by consideration 
of only the Pi/2-g9/2 proton space. 
Only a few calculations have been attempted for the N=50 isotones with 
A<88. The low-lying states in ®^Rb have been studied^] in the framework 
in which a single quasi-proton was coupled to the collective motions of a 
®%r core. Properties of the lowest 2+, A"*", and 3~ states in ®^Kr and 
B^Sr have been calculated^^ using two quasi-partide configurations for 
the shell and particle-hole configurations for the closed core. A 
literature search indicated that no shell model calculations have been 
carried out on N=50 isotones below A=88 with quasi-particle states higher 
than two, and no calculations have been done of any kind for A<86. 
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In the following calculations, the low-lying levels in the the N=50 
isotones with A=82 to 86 have been calculated and compared to experimental 
results. The parameters used in the calculation were determined by 
adjusting them on successive Iterations to obtain a best fit to the 
experimental data. Protons were allowed to couple freely in the t^/2> 
P3/2» PI/2» 59/2 orbits between Z=28 and 50. The calculation required 
the establishment of four variable parameters - three single quasi-
particle energy separations and the strength of the surface-delta 
interaction (SDI). Only single quasi-particle energy separations were 
necessary in the calculation since the binding energies of these nuclei 
relative to the ^®Ni core cannot be known. 
The calculation of the TBMEs was made using the program MSDI. This 
program requires as input the specification of the SDI strength, and a 
file containing the subshells and their basic quantum numbers which are 
used In the model space. The output of this program is a file containing 
the TBMEs which are used as input to the multi-shell program. For the 
model space used in these calculations a total of sixty-five TBMEs are 
required to specify all possible two-body interactions. Once the TBMEs 
had been calculated for a given Aj and a reasonable set of SPEs had been 
specified, the program MSH could be run to determine the energy levels 
within a specified nucleus. The SSMEs necessary as input to this program 
were calculated previously and stored on disk where they could be accessed 
by the program. These calculations required several minutes of CPU time 
to complete, with a large increase in time as more protons were added to 
the shell. This made it necessary to run in a batch mode. The output of 
the MSH program is a log file which contains the level energy information 
and the composition of the wavefunction for each level which was 
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requested. This is the information which was used in the determination of 
the appropriate SDI (A^) strength and SPEs. 
The determination of the appropriate values for and the SPEs first 
required a specification of which experimental levels were felt to give 
the most information. The SPEs were specified best by fitting their 
energies to levels in odd-A nuclei, while the SDI strength was determined 
by using energy levels in the even-A nuclei. From systematics it is 
reasonable to assume that the i'^/2 state is the lowest energy subshell in 
the model space. Consequently, all energy separations are specified 
relative to this subshell. It was decided that the f5/2-P3/2 energy 
separation could be estimated by using the average separation between the 
ground state and first-excited state for ®^As and ^^Br. The f5/2~Pl/2 
separation could be determined using the 1191-keV level in ®^Br which was 
measured^® to be a single particle state. Finally, the f5/2-g9/2 
separation could be determined using the 2310-keV level in ®^Br which was 
only seen in (d,^He) reaction studies^® and was hypothesized to be the 
gg/2 single particle state. The SDI strength was established using the 
first two excited 2+ states in both ^^Ge and ®^Kr. The fact that the 
excited states in ^^Se were not considered in this calculation came about 
due to a problem with the results obtained from the calculation. This 
problem will be discussed in more detail in the next section. With these 
criterion established, the iterative process of finding the appropriate 
values of Aj and the SPEs was begun. 
As a first estimate of the SPEs, an extrapolation of the odd-A 
systematics and experimentally determined SPEs for ®^Kr by May and Lewis^O 
were considered. The resulting initial estimates were 0.9, 1.5, and 3.0 
MeV for the f5/2-P3/2» "P1/2» ~S9/2 separations respectively. As an 
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Initial estimate of A^, a value of 0.25 was used. During the 
calculations, it was discovered that a slight dependence on the nuclear 
mass A was needed to obtain a good value for Aj at both B^Ge and ®%r. 
Although this was a purely empirical result, it was included in the 
calculations. The expression describing this dependence was taken to be 
Ai = (3.995X10-3)A. 
The final values of the SPE separations were found to be 
^5/2"P3/2 = 0.855 MeV 
^5/2~Pl/2 ~ 2.670 MeV 
and 
^5/2~S9/2 ~ 3.618 MeV. 
The first value is almost identical to the value reported by May and 
Lewis,30 while the later two are significantly different. Although this 
is somewhat disconcerting, the values given here do seem to give 
reasonable results for most of the levels in B^As and ®^Br. Using this 
set of values, all possible energy levels up to 3.5 MeV of excitation were 
calculated for the the five nuclei which were modeled. The results of the 
calculation are compared to experiment in Figures 20 and 21 for the even-A 
and odd-A cases respectively. The comparison is made up to 3.1 MeV for 
the even-A nuclei and up to 2.5 MeV for the odd-A nuclei. A discussion of 
these results and a consideration of the shell model wave functions is 
given in the next section. Particular attention is given to the two 
nuclei, ^^Ge and ^^As, which were studied experimentally. 
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Figure 21. Comparison of the experimental and theoretical level 
structures of the odd-A N=50 isotones ®^As and ®^Br 
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C. Theoretical Results 
1. Level structure of 
The comparison of the experimental and theoretical results for ^^Ge is 
given in Figure 20 and a listing of the major components of the shell 
model wavefunctions for these states is given in Table 17. From the 
figure it is apparent that the model easily predicts the first excited 
state as expected, but that there is a much higher density of states 
between 2.0 and 3.0 Mev than was observed. Consequently, either a number 
of states which are predicted by the shell model are not populated in g 
decay or the shell model does not correctly describe this nucleus. Since 
the two low-lying 4+ states predicted by the shell model are not seen, it 
would be reasonable to assume that these high-spin states are not 
populated in g decay because the ground-state spin of ^^Ga is less than 
2.15 With this assumption in mind, there are four states which could 
possibly satisfy the three observed levels at ~2.2 MeV and three states 
which could describe the two observed levels at -2.7 MeV. Therefore, in 
both cases, there is only one extra state which is not observed. Unless 
the ground state of ®^Ga is 0~, all of these states could possibly be fed 
by P decay. However, it is possible that the wavefunction overlap for g 
decay between some of these states is small enough so that the states will 
not be significantly populated. From the experimental results, it is 
evident that both 0+ and 2+ states are fed in the g decay. This fact 
would tend to rule out a 0~ ground state for ^^Ga which would require a 
first-forbidden unique transition to any 2'*" states in ^^Ge. Therefore, 
the favored ground-state assignment for ^^Ga is 1". By considering the 
wave functions listed in Table 17, it is evident that all of the 0+ and 2+ 
states are predominantly composed of four protons in the f5/2 subshell, or 
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1394 2+ 2.1 
1614 4+ 2.0 
2014 4+ 2.1 
Table 17. Major terms in the shell model wave functions of the levels in 
82Ge 
E(keV) <s> Vave Function Components 
0 0+ 0.0 0.784(fs/2)4+0.505(fs/2)2(p,/2)2 +0.269(f5/2)2g(g/2): 
+0.156(f2y2)o(Pi/2)o+0"117(P3/2)o(Pl/2)o •^^•^^^^^3/2^0 
0.854(f2y2)2+0'328(f5/2)2(P3/2)0+°'1^^(^5/2)5/2(93/2)3/2 
+0.158(fgy2)2(29/2)o+0'155(f2/2)o(P3/2)2 
+0.121(fgy2)5/2(Pi/2)l/2+0'113(^5/2)3/2(91/2)1/2 
0.830(fg/2)4+0'373(f5/2)5/2(P3/2)3/2+0"317(f5/2)4(P3/2)0 
+0.154(f5/2)4(29/2)o+0'110(^5/2)5/2(93/2)3/2 
0.848(fg/2)5/2(P3/2)3/2+0'3Bl(f5/2)4 
+0.228(fg/2)5/2(P3/2)3/2+0"lG2(f5/2)5/2(P3/2)3/2(G9/2)0 
+0.150(fgy2)9/2(P3/2)3/2 
0.856(fg/2)5/2(P3/2)3/2+0'233(f5/2)2 
+0.196(f5/2)3/2(P3/2)3/2+0'171(f5/2)o(P3/2)2 
•^0-170( £5/2^5/3 (P3/2)3/2'^°* 1^^(^5/2)5/2 (93/2)5/2(^9/2)0 
+0.118(f2/2)3/2(Pi/2)l/2+0'110(f5/2)5/2(Pl/2)l/2 
+0.101(fg/2)2(P3/2)2 
0.923(f2/2)5/2(P5/2)5/2+0"244(f5/2)3/2(P3/2)3/2 
+0.163(f2/2)5/2(P3/2)3/2(29/2)0^0'142(f5/2)5/2(P3/2)3/2 
+0.104(25/2)4(93/2)2 
0.923(f5/2)5/2(P3/2)3/2+0'2*4(f5/2)5/2(P3/2)3/2 
+0.179(f2y2)5/2(P3/2)3/2(29/2)0+0'130(^5/2)3/2(93/2)3/2 
2116 2+ 2.2 
2257 3+ 2.2 
2349 1+ 2.1 
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Table 17. (Continued) 
E(keV) <s> Wave Function Components 
2432 0+ 0.2 
2624 2+ 2.2 
2656 3+ 3.8 
2723 0+ 4.0 
0.724(fgy2)o(p5/2)o+°'^^7(^5/2)o+°'^^^(P3/2)o 
+0.195(p2y2)o(89/2)o+0'155(25/2)2(93/2)2 
+0.111(93/2)0(^1/2)0+®'^5/2)2(^3/2)3/2(^1/2)1/2 
0*®56(f5/2)5/2(P3/2)3/2+°*^^^(^5/2)2 
+0.196(25/2)3/2(93/2)3/2+0'171(^5/2)0(^3/2)2 
+0.170(25/2)5/2(93/2)3/2+0-158(25/2)5/2(93/2)3/2(89/2)0 
+0.118(^5/2)3/2(91/2)1/2+0'ii°(25/2)5/2(91/2)1/2 
0.859(f5/2)3/2(P3/2)3/2-^0-271(25/2)9/2(93/2)3/2 
+0.240(25/2)5/2(P3/2)3/2+0'194(25/2)5/2(93/2)3/2 
+0.165(f5/2)2(93/2)3/2(9l/2)l/2+(^5/2)4(93/2)2 
0*963(25/2)3/2(93/2)3/2+0'188(25/2)2(93/2)2 
+0-120(25/2)5/2(93/2)2(91/2)1/2 
three protons in the 25/2 subshell and one proton in the P3/2  subshell. 
It is possible to assume that the shell model configuration o2 the 82Qa 
ground state is n(25/2)^v(d5/2)l. Therefore, these states are populated 
when the d5/2 neutron becomes a 2:5/2 93/2 proton. Both of these 
transitions are of the first-forbidden type. A consideration of the 1+ 
and 3'*' state wave functions indicate that they are predominantly composed 
of the same type of components and should also be seen .in first-forbidden 
or first-forbidden unique g decay respectively. Consequently, all of 
these states are possible in |3 decay; however, the feeding to any 3+ 
states would be greatly suppressed in comparison to the other states. 
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Since both O"*" and 2+ states are seen, it is expected that l"*" states will 
also be seen while there is no reason to assume that S"*" states are 
populated. However, the 2287-keV and 2702-keV levels from g decay do not 
have ground-state transitions suggesting a higher spin assignment. The 
question now becomes whether y transitions between the 1+ states and the 
ground state are possible. Such transitions can only be of Ml 
multipolarity. A consideration of the wave functions indicates that the 
transitions between the 2349-keV 1+ state and the ground state require 
that the proton move between the P3/2 and subshells which requires a 
Y transition of E2 multipolarity. Consequently, ground state transitions 
from this 1+ state would not be seen, or at least would be greatly 
suppressed. Therefore, a plausible explanation of the observed level 
scheme is that only 0+, 1+, and 2+ states are populated in the g decay of 
B^Ga. This interpretation could be confirmed by establishing the 
assignments of all the levels between 2.0 and 3.0 MeV in ^^Ge. 
2. Level structure of ^^As 
The comparison between the experimentally determined structure of ®^As 
and the theoretical calculation is given in Figure 21, and the listing of 
the shell model wave functions is given in Table 18. The ground state and 
first-excited state are found in the theory to be of almost pure single 
quasi-particle nature and the energy separation is approximately the same. 
The levels predicted between 1.3 and 1.8 MeV are all predominantly three 
quasi-particle states and have a level density essentially equivalent to 
the observed levels between 1.1 and 1.6 MeV but shifted up by 
approximately 0.2 MeV. All of these states are composed primarily of 
couplings involving the f5/2 and P3/2 subshells. The 1/2" single quasi-
particle state is not observed until a relatively high energy (1924 keV), 
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Table 18. Major terms in the shell model wave functions of the levels in 
83AS 
E(keV) <s> Wave Function Components 
0 5/2- 1.0 0.771(fg/2)5/2+0'525(f5/2)5/2(P3/2)o 
•^0. ^^^(£5/2^5/2^^9/2^0"^® *^^^^^5/2^5/2^^1/2^0 
+0.111(fgy2)5/2(P3/2)o(B9/2)o+0'108(^5/2)5/2(93/2)0 
272 3/2 1.0 0.873(fg/2)o(P3/2)3/2+0'3^3(£5/2)o(P3/2)3/2 
+0.260(f^^2)o(P3/2)3/2(®9/2)o 
•^0.151( £5/2)0(^3/2)3/2(^1/2)0 
1314 1/2- 2.7 0.727(fgy2)2(P3/2)3/2+0'^®0(£5/2)5/2(P3/2)2 
+0.389(f^/2)o(Pl/2)l/2'*'°* ^^^(£5/2)5/2(^3/2)3/2(^1/2)1/2 
•^0.181 (f5/2)2(P3/2)3/2"^(^*^^^( £5/2)2(^3/2)3/2(^9/2)0 
1459 7/2- 3.0 0.928(f3/2)^P3/2)3/2+°-223(f3/2)^P3/2)3/2 
+0.150(fg/2)2(P3/2)3/2(89/2)o 
+0.123(f2/2)5/2(P3/2)3/2(Pl/2)l/2+0'122(25/2)4(93/2)3/2 
+0.111(f2/2)4(P3/2)3/2 
1506 5/2- 2.7 0.851(f2y2)2(P3/2)3/2*0'^G2(£5/2)5/2(P3/2)0 
+0.256(fgy2)2(p3/2)3/2+0"205(fgy2)5/2 
+0.146(f5/2)2(P3/2)3/2(®9/2)0'^®*^^^(£5/2)5/2(^3/2)0 
+0.109(f2/2)o(P3/2)2(Pl/2)l/2 
1610 9/2- 3.0 0.877(fg/2)4(P3/2)l/2+0.369(f5/2)3/2(P3/2)o 
•^0'199(f5/2)4(P3/2)3/2'^°'l^^( £5/2)4(^3/2)3/2(^9/2)0 
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Table 18. (Continued) 
E(keV) J"' <s> Wave Function Components 
1611 5/2- 1.9 0.547(f2y2)5/2(P3/2)0+0'502(f5/2)4(P3/2)3/2 
'^0.386(f5/2^5/2'^®'^^®^ ^5/2^5/2^^3/2^2 
•^0.228(f5/2^5/2^P3/2^0'*'®'^^®^ ^5/2^2^^3/2^3/2 
+0.147(f5^2)5/2^P3/2^0^®9/2^0"^°'^^'^^ ^5/2^4^^3/2^3/2 
1640 3/2- 2.8 0.557(fgy2)4(P3/2)3/2+0'458(f5/2)3/2(P3/2)0 
+0.397(f5/2)5/2(P3/2)2+0'31G(f5/2)o(P3/2)3/2 
+0.220(f2^2)5/2^P3/2^3/2^Pl/2^1/2"^°'^®^^^5/2^2^^1/2^1/2 
+0.159(f5/2)2(P3/2)3/2+0'130(^5/2)5/2(93/2)3/2(91/2)1/2 
•*•0.119( £5/2)2 ( 93/2)0(^1/2) 1/2'*'®* 11^(^5/2)3/2(^9/2)0 
1726 3/2- 3.0 0.648(fs/2)3/2(P3/2)0+0'G2G(f5/2)2(P3/2)3/2 
+0.182(f2/2)2(P3/2)3/2+0"179(^5/2)2(93/2)0(91/2)1/2 
+0.171(f2/2)5/2(P3/2)2+°'154(f5/2)3/2(&9/2)o 
+0.139(fg/2)o(P3/2)3/2+0'106(^5/2)2(93/2)3/2(89/2)0 
•*"0.102( £5/2)3/2 (Pl/2)o 
1743 7/2- 3.0 0.706(fgy2)4(P3/2)3/2+0'596(f2y2)5/2(P3/2)2 
•^0* 193( £5/2 )4(P3/2)3/2'*'°'1^^(^5/2)4(91/2)1/2 
•^0'127(^5/2)2 (93/2)3/2'^'^' 11^(^5/2)4(93/2)3/2(^9/2)0 
+0.110(f5/2)4(P3/2)o(9l/2)l/2 
+0.103(£5/2)5/2(93/2)2(^9/2)0 
+0.103(f5/2)5/2(P3/2)3/2(9l/2)l/2 
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Table 18. (Continued) 
E(keV) <s> Wave Function Components 
1924 1/2- 1.4 0.693(f5/2)o(Pi/2)l/2+°'499(f5/2)o(P3/2)o(Pl/2)l/2 
•*'0'425( £5/2^2^^3/2^3/2"^®^5/2 ^0^Pl/2^1/2^®9/2^0 
+0.110(p2/2)o(Pl/2)l/2(G9/2)o+0'104(P3y2)o(Pl/2)l/2 
and the total single particle strength is somewhat spread out as indicated 
by the average seniority of 1.4 for this state. Overall, the proper 
number of levels is predicted between 1.0 and 2.5 MeV, although all of the 
states do lie somewhat higher in energy than observed. This would seem to 
Indicate that the shell model is satisfactory in predicting the levels in 
B^As. However, the occurrence of the low-lying level at 711 keV is not 
predicted by the theory. It was hoped that the highly coupled 1/2" state 
at 1314 keV would drop in energy given a proper set of single particle 
energies and SDI strength. However, no reasonable set of variables could 
be found which would allow this state to drop to such a low energy. 
Recently, Vildenthal has begun calculations which indicate that it may be 
necessary to include a more complicated form for the SDI strength which 
would lead to a better agreement between the theoretical predictions and 
the experimental results.45 
3. Level structures of ^^Se, ^^Br, and ^%r 
A comparison between the experimental level schemes of ^^Se, ^^Br, and 
B^Kr and the theoretical calculations are given in Figures 20 and 21. At 
this point, the most glaring failure of the shell model calculations is 
their inability to predict a reasonable structure for ^^Se. The almost 
degenerate 0+, 2"^, and 4+ states at 1.8 MeV are not reasonable, and no 
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such structure has been observed for nuclei near a closed shell. The 
problem probably lies in the filling of the subshell. Of the levels 
between 2.0 and 3.0 MeV, the only states which appear to be reasonably 
predicted are the second and third 2+ states at 2122 and 2984 keV. The 
problem seen in ®^Se is surprising in light of the results for ®%r where 
the three levels below 2.5 MeV are quite well predicted. However, the 
levels between 2.5 and 2.7 MeV are somewhat lower than expected, 
indicating that there may be some problems in calculating these 0+, 1+, 
and 3+ states. Also somewhat disconcerting is the calculated energy of 
the first 3~ state. Experimentally, this level is found to be at 3099 keV 
while the shell model calculation gives an energy of 3638 keV. This would 
seem to indicate that the gg/2 single particle energy used is not quite 
correct. The level structure comparison for ®^Br shown in Figure 21 
indicates that the single quasi-particle states are well predicted and 
that the proper level density is observed between 1.0 and 2.0 MeV. 
However, as in the case of the second-excited state observed in 3 
decay is not predicted by the shell model calculation. In this case, 
there is no low-lying state which could drop in energy to give this state. 
Consequently, the problem in this nucleus is more significant than for 
®^As. 
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VI. CONCLUSION 
Studies of the low mass N=50 isotones are providing important 
information about the validity of the ^®N1 'doubly magic' core. The 
experimental studies of B^Ge and ®^As, as well as other nuclei in the 
region, provide Important Information which can be used to model this 
region as nucléons coupled to the inert ^®N1 core. The study of ^ ^Ga has 
helped confirm the results of previous experiments and established new 
information about its level structure. The completion of a good angular 
correlation experiment on this nucleus will help to establish the spins 
and parities of all the levels below 3.0 MeV. The study of ®^As has 
provided a fairly complete picture of levels populated through 0 decay and 
no further experiments on this nucleus are under consideration. 
Presently, it is hoped that the experimental study of the N=50 
isotones can be extended to Q^Ga and ®^Se. ®^Ga can be viewed as three 
protons coupled to the ^%1 core. The parent nucleus ®^Zn has not been 
discovered as yet. A study of ®^Ga will give important Information on the 
single particle energies for a nucleus nearer the closed core and may shed 
some light on the nature of the anomalous second-excited states in the 
odd-A N=50 nuclei which were not predicted by the shell model calculation. 
A more thorough study of the ®^Se level structure will be useful in the 
continued refinement of the shell model calculations. 
Even though the results from the shell model calculation are not 
final, they do indicate that there are a number of problems which need to 
be addressed before any judgement on the validity of the ^®Ni core can be 
made. Most important to this further analysis is establishing a better 
set of TBMEs by either using a different form for the two-body interaction 
or by using a set of fit TBMEs. The first of these two approaches appears 
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to be the best method at the present time since a great deal more 
experimental information is needed before the TBMEs can be established by 
a least-squares fit method. Consequently, an understanding of the 'doubly 
magic' nature of ^%i must await further experimental and theoretical 
studies. 
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